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PUBLISHERS’ NOTE 

• 

This Third Volume completes the translation of the English version 
of the eleventh edition of Richter’s Organic Chemistry as edited by 
Professor R. Anschutz and Dr. H. Meerwein. In the original edition, 
the second and third volumes were issued together as a single book, 
but, to meet the urgent demand at the hands of the British and 
American publics, the second volume was issued in England and in 
the United States as soon as it could be got out. 

Each of the three volumes contains its own Index. These have 
been prepared with great labour, and it is hoped will increase the 
utility of the volumes for rapid reference. 


K. P. T. T. & Co., Ltd. 
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VoL. III. HETEROCYCLIC COMPOUNDS 

The carbocyclic substances treated in the preceding volume belong to 
the class of homocyclic compounds, which consist of rings of atoms of 
one and the same element. Apparently, very few elements are adapted 
to such a ring formation.* 

However, substances are known in great number and complexity 
which are based upon ring-skeletons consisting of atoms of various 
elements. These bodies have been arranged under the designation 
heterocyclic compounds ” It is true that a series of inorganic bodiesf 
can be included in this category, but it is our purpose to consider only 
the '' organo-inorganic — i.e,, those ring-systems which are formed 
from carbon in union with other elements, the most important 
of which are oxygen, sulphur, but especially nitrogen. In many 
cases sulphur can be replaced by selenium, and there are some sub- 
stances known in which phosphorus forms a ring with C-atoms. In 
diphenylene iodoiiium iodide a trivalent iodine atom takes part in 
forming a ring.J 

From the standpoint of organic chemistry, the basal element of 
these rings is carbon, and accordingly the members not produced by 
•C-atoms are designated as hetero-atoms, and distinguished as mono-, 
di-, tri-, tetra-, etc., hetero-atomic rings, depending upon whether one, 
two, three, four, or more hetero-atoms have participated in their 
formation. To express the number of atoms constituting the entire 
ring, the rings are termed three, four, five, six, and poly-memhered 
rings. 

Many heterocyclic compounds have been discussed in the preceding 
chapters — ^for example, the polymeric modifications of aldehydes, like 
trioxymethylene and paraldehyde, the cyclic ethers of the glycols and 
thioglycols, like ethylene oxide, diethylene dioxide, diethylene disul- 

• 

♦ Nitrogen; mainly, in addition to carbon. The allotropic modihcations of 
many elements are probably due to the formation of isocyclic rings — e.g., that 
of oxygen in ozone, Oj. 

t See Bischofi, '* Handbuch der Stereochemie," p. 641. 

t Finally, rings are present in the salts of dicarbo^lic acids, sulphocarbonic 
acids, disulphonic acids, glycols, etc., containing bi- and polyvalent metals. 
Members are formed by the mej^l atoms. 
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phide; thecjycKc alkyhneimines.ViVsi tetramethyleneimine or p5^roUdine, 
diethylenediiftiine,or piperazine ; ^ecycUc esters ofoxy-andamino^addSt 
like the lactides, the lactones, the lactams; the cyclic derivatives of dibasic 
carboxylic acids, like anhydrides, imides, alkylene esters, alkylenamides, 
etc. (see I. 497; ring-shaped compounds). These bodies attached 
themselves, as their names indicate, naturally to known classes of 
compounds with open chains. They can be readily obtained from 
substances with open chains, and be equally readily changed^back 
into them. In the succeeding sections, however, a series of hetero- 
cyclic bodies will be described which manifest varying behaviour in 
so far that the rings upon which they are constructed cannot be 
resolved in a simple way. Such rings are rather nuclei to which 
side chains are attached, the products being related to the funda- 
mental substances in the same way as that in which the aromatic 
substances are related to benzene. Usually, these substances, like 
benzene, contain unsaturated linkages. 

It has, therefore, been assumed that in these rings, as in benzene, 
there is a particular kind of linkage — '' potential valences (see Vol. II, 
p. 42 and B. 24 , 1761). These explain the stability of these bodies. If 
the potential valences are destroyed by the addition of hydrogen or some 
such substance, then saturated bodies result; these possess the ali- 
cyclic character (see Vol. II, p. 3), and so far as their decomposability 
is concerned, they in the main exhibit the character of the heterocyclic 
substances discussed after the fatty bodies. A real fundamental 
difference, however, between the two rings just described does not 
exist. Compounds were studied in connection with the lactones and 
dibasic anhydrides which offered great resistance to decomposition by 
water absorption, etc. (see I. 310, 371, 374). On the other hand, there 
are many bodies in which potential linkages are assumed, which are 
very easily decomposed by certain reagents — e.g., pyrrole by hydroxyl- 
amine, yielding succinaldehyde-dioxime (I. 355), and glyox^ne by 
benzoyl chloride and sodium, forming dibenzoyldiaminoethylene, etc. 

The heterocyclic rings containing five and six members are, like 
the analogous carbon rings, the most stable and important. They 
will be treated in this section. The tendency to the formation of six-* 
membered rings is shown also in the processes of polymerization; 
formaldehyde, by the coalition of three molecules, becomes six-mem- 
bered trioxymethylene ; acetaldehyde becomes the six-membered 
paraldehyde, and the cyanogen compounds polymerize to derivatives 
of a six-membered ring, consisting of 3C- and 3N-atoms, etc. (compare 
Vol. II., p. 40). Three- and four-membered rings are usually formed 
with extreme difficulty, and are easily torn asunder. The seven- 
membered rings are not well known, and are also unstable. ^In a few 
compounds heterocyclic rings of eight or more members have to be 
assumed. 

A theory of the type of A. von Baeyer's strain theory is made 
difficult by the varying nature of the hetero-atoms entering the ring. 
Certain facts can no doubt support some views regarding the spatid 
reipeUiions of many hetero-atoms. 

; Thiophene, with a ring of four CH-groups and one S-atom, very 
l^eatly resembles benzene, containing swCH-groups. Thiazole, con^ 
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sisting of three CH-groups, one N-atom, and one S’^atom, similarly 
resembles pyridine, which has Ave CH-groups and one* N-atom. It 
would thereiore seem that a sulphur atom is capable of replacing the 
bivalent group — CH =CH — in the ring: 


CU CM 



CH CH N 

licnzene. Thiophen. Pyridine. Thi.izoie. 


It is an almost universal rule that an N-atom can replace a methine 
group in a ring without causing any essential loosening of the ring- 
union. If we suppose a methine group in benzene to be replaced by 
N, the product will be pyridine, which is about as stablp a ring as we 
have in benzene. And if the methine groups in pyrrole be successively 
replaced by one, two, and three N-atoms, there also results a series 
of derivatives in which ring stability is very evident: 


CH=CIIv 
I >NH 

CH=cir 

Pyrrole. 


CH= =Nv 

>NH 

CH-CIK 

Pyrazolo. 


CH= 

N= 

Pyrrodiazole. 


Nv CH=Nv 

\mtt I \nh, 

N=N'^ 

Tetrazole. 


A general review of the many heterocyclic ring systems can be 
obtained from two points of view. Homologous series are obtained by 
arranging together the rings with similar hetero-atoms according to 
the increasing number of C-members. The following series .of rings 
have been deduced in this way: 


(a) With an 0-ME?r:EER. 



! c— c— c : 

m« ee 

; c— c— c— C : 

:C— c— c— C — C: 

H,C CH, 

Ethylene Oxide 

HjC— 

H,C— CH,— CH,— CH, 

H,C— CH,-CH,-CH,- CH, 

Triniethyicne Oxide 

— — 0— * 

Tetrainetbylene Oxide 

Pcntamethylene Oxide 

— 

— 

H,C— CH,— ClI,— CO 

H,C--CH,-CH,-CH,-CO 



u 

Butyrolactone 

u 

Valerolactone 

-- 

— 

OC— CH,— CH,— CO 

OC— CH,— CH,— CH,— CO 



Succinic Anhydiide 

Glutaric Anhydride 

V 

— 

UC = CH— CH = CH 

HC = CH— CO— CH = CH 



Furfurane 

Pyrone 
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(b) With an S-member. 


:C— C; 

:C— C— C: 

:C~C— C~C; 

<&-e-c-c-c! 

\s/ 

S 


. 

H.C— CH, 

\s/ 

[Ethylene sulphide] 

[Trimethylene sulphide] 

HjC— CH,— CH,— CH, 

HjC— CHj— CHg— 

Tetramethylene sulphide 

Pentamethylene sulphide 

— 

— 

CO-CH.jCH,— CO 
Sulphosuccinyl 

— ♦ 

■ 


CH=CH— CH-CH 

S - - 

Thiophene I 

CH= CH— CII^— qCHjI^H 

1 Methyl-penthiophene 


(c) With One N-member. 


.C— C: 

\N/ 1 

‘ :C— C— C; 

\N/ 

:C— C— C— C: 

- — N 

;C~C-C— C-C: 



CHa—CH, 

Ethylene-imine 

CH,— CH,— CHa 

Trimcthylenc-imine 

CH,— CH-— cn,— CH, 

Tctramethylene-imine 

Tynolidine 

CH.— CH,— cn,— CH,— CH, 

- ‘-.NH,— * 

Pentamethylene-imine 

Piperidine 

- 

- 

CHj— CH^— CH,— CO 

CH,-CH,— CH,— C Hj-CO 

^ ^ • vrt.T - — ^ 



Dutyrolactam 

— ^Nrl - 

Valerolactam 

OC— CO 
\NH/ 

Oxal'imide ('') 

OC— CH«— CO 

Malonimidc 
(C. 1898 11 ., 858) 

OG-CH,-CH,-~CO 

- 

Succinimide 

CH-CH— CH-CH 

XT LX 

OC— CH,-CH,— CIL-CO 

1 NH — 

Glutuimide 

C^CH«(^--Cn^ 



— -iNrl 

pyrrole | 

1 

Pyridine 


Complication on account of isomerides arises in the case of rings 
having two hetero-atoms. These isomerides are occasioned by the 
varying positions of the hetero-atoms with reference to one another 
—e.g,: 

Rings with Two N-members. 


/N 

:c(| 

Hydrazi Compounds, 
Diazomethane 

: C— N , 

1 1 
;C— N. 

Dimelhylazlethane 

yC— N. 

:c( 1 

^C— N . 
Pyrazole Group 

: c— c— N . 

1 1 
: c— c— N . 

Pyridazine Group 

— 

. N— C: 

1 1 
:C— N . 
Eihidene Urea, 
Dicyan-compounds 

^N— C: 

Glyoxaline Group, 
Cyclic Ureas 

: c— N— c : 

1 1 
: C — C— N : 

Pyrimidine Group, 
Cyclic Ureas 




: C— N — C : 

1 1 




1 1 
: c— N— C : 

* 


• 

Pyruzine Group. 
Oiethylcne-diimiae 
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Rinus with an O- and an N member. 


^-Bciizaldoxime -Elher 

: C — O 

1 1 
: C— N. 

Betauie 

✓ C — O 

1 

^C— N 

Isoxazolc Group 

:C— O— O 

•C— C N 
Orthoxazine Group 

• 

— 

yO — C : 

:c/ 1 

^C— N . 
Oxazole Group 

: c — 0 — C : 

1 I 

: c — c — N . 

Metoxazine Group, 
Pentoxazolinc 

1 

— ^ 

— 

C— 0 — C 

1 1 

C— N— C 

Paroxazine Group 


The three- and four-membered systems naturally disappear in the 
series of rings having three and four hetero-atoms. The branching of 
the series in consequence of position isomerides with the hetero-atoms 
becomes more frequent, so that the relations dependent upon homology 
frequently become obscure. In the monohetero-atomic rings also the 
homology usually appears solely in the case of the saturated (alicyclic) 
ring-systems, whereas the more important unsaturated systems, with 
more pronounced aromatic character, show at times very varying 
behaviour — e.g., when in the homologous series with an N-member 
the group of the five-membered pyrrole comes into juxtaposition with 
that of the six-membered pyridine, although the representatives of 
these two groups manifest very great differences in their behaviour. 

Hence it is more practical to group the ring-systems according to 
the number of members composing the ring. In this manner only 
systems of rings of approximately like stability will come together, 
and they will, therefore, very probably yield similar derivatives. 
JHence to rings of three atoms will be added such as have four, five, 
six, etc., members. Each of these groups will have subdivisions in 
accordance with the number of hetero-atoms, so that, for example, in 
the group of five-membered heterocyclic rings there will be discussed 
first the monohetero-atomic, then the di-, tri-, and tetrahetero-atomic 
systems. This might be called grouping according to isologom series : 


Three-membered Heterocyclic Substances. 


:C C: 

Ethylene Oxide 

: C c : 

[Ethylene Sulphide] 

: C c : 

\„/ 

[Ethyleneimide] 

Oxalimide 

• C N. 

IC N. 

: C N. 


\s/ 

\n/ 

^-Benzaldoxime Ether , 

Thialdolaniline 

• 

Diazomethnne, 

Hydrazi'Compounds 
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o Four-Membered Heterocyclic Substances. 


'\o7^‘ 

Trimethylene oxide 

1 

:C— C— C: 

XN/ 

Trimcthylene-lmine 

;C— N. 

;C— S— C: 

:C-^'6-N. 

\o/ 

\s/ 

\N/ 

Betaine 

Dithio-acctone 

Dimethylazi-ethane*^ 


;C-G^ 

\s/ 

Tbetio 

;C— N— C: 

\N/ 

Alkylidencureas 

Dicyano Compounds (?) 


! ^C — N — Ct 

\s/ 

Alky lidene-ifr-thiourc.is 



For Five-membered and Six-membered Heterocyclic Substances^ see pp, 7 , 8 . 


Just as indene, naphthalene, anthracene, etc., are derived from 
benzene, so numerous di- and polycyclic condensed nuclei are obtained 
from the heterocyclic rings that contain adjacent C-members. This 
is possible by the fact that the two adjacent C-members participate 
also in the formation of arbmatic rings, like benzene, naphthalene, 
phenanthrene, etc. These condensed jiuclei unite, as a rule, the 
properties of the carbocyclic with those of the heterocyclic ring. When 
definite names are not assigned them, as in the indol and quinoline 
groups, they are designated with the prefixes benzo- or phen-, dibenzo- 
or diphen,- naphtho-, etc., before the name of the heterocyclic ring. 

Quite frequently substances having such condensed nuclei have 
the heterocyclic ring ruptured, and are then changed to ortho-sub- 
stitution products of the carbon ring. Again, the heterocyclic ring 
shows itself more stable toward oxidizing agents, so that it is possible, 
by means of potassium permanganate, etc., to oxidize the condensed 
nuclei with destruction of the carbon ring and the production of ortho- 
dicarboxylic acids of the heterocyclic rings. Thus, acridine yields 
quinoline dicarboxylic acid, quinoline a pyridine-dicarboxylic acid>. 
benzoglyoxaline a glyoxaline-dicarboxylic acid,benzotriazole a triazole- 
dicarboxylic acid, and phenazone a pyridine-tetracarboxylic acid, etc. 

Both the simple and condensed heterocyclic compounds have, as a 
rule, been made by the internal condensation of suitable fatty or f afty- 
aromatic bodies having open chains. Very often the intermediate 
products, leading directly to the ring, cannot be isolated because of their 
great inclination to the ring formation; ortho-substitution products of 
benzene and naphthalene (Vol. II.) are especially well adapted for 
the production of condensed heterocyclic nuclei. They have afforded 
the starting-out material for the preparation of an immense number 
of substances belonging in this group.* 

Many heterocyclic bodies dso occur in technical and natural 
prqdvicts. The large and important family of vegetable alk^oids 
prongs in the group of pyridine and the hydropyridines. Pyridines 
and proles occur in coal-tar and bone-tar. Thiophene zxiA^coumarone 

* Compare KUhling, '^Stick$tQffhaltige OrthoSondensatioasproducte,*' 1893. 
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Fivb-mbmbbrbd Hbtbrocycuc Substances. . 


• 0 — c — c — c; 


Fur/uranCt 
Y*Lactones« Succinic 
Anhydride 


Thiophenis 

Sulphosuccinyt 


: c— c— C— C : 


Selenophene 


: r — c — c— c : 

Pyrrol, 

y-Lactams, Succinimide 


!C— C- 


liOxazoU Group 


Cyclic Ethers and 
Esters of Glycol, Aide 
hyde, Carbonic Acid, 
and Oxalic Acid 


: C— C— N— -C ; 

Oxazole Group 


; c— C— N— N 

Diazo-oxides 


• • •• 

. N — C— C — N . 


hurazane Group 

: c—N— C— N . 
Azoximes 

:c— N— N--C: 
OxybiazoU Group 


; c— c— c— N . 

Isobenzothiasole 

: c — c— s — c : 


Elhidcne - ethylene 
Disulphide 


: c— c— N— c : 


Thiazole Group 


: c — C — N — N 

Diazosulphides 




— ‘S 

Piazthioles 


; c— N— C— N . 
Azosulphimes 

; c— N— N— C ! 
Thiobiazote Group 


t c — c— c— N. 

PyrazoU Group 


tc — c— -N— c : 

Glyoxahnf Croup, 
Cyclic Ureas 


: c— C— N— C : 


Seletiazole Group 


: C — c— N— N 

Diazoselenide 


. N- 


Se 

Piasclenoles 


I c— C— N— N 

Osotriazole Group 


: c— N— -N— C : 
Triazole Group 


. N- 


-N— N. 


Triazsulpholes 


: c— N— N— N . 

Titraxole Group 


are also present in coal-tar. Furfural and other derivatives of 
furan have been found in the tar from wood. The important vege- 
table dye, indigo, and its allied bodies, are derivatives of indole. Many 
heterocydic bodies prepared synthetically have been manufactured 
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■ StX-MEMBERED HeTEEOCVCLIC SUBSTANCES. 


.. „ .. 1 

Pentamethylene Oxide, 

5 Lactones, Glutaric Acid An- 
hydride. Pyrone Group. 
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THREE-MEMBERED HETEROCYCLIC COMPOUND^, 

upon a 'technical scale, because of their colouring and therapeuiKj*5 
properties. This is true of the dyes of the paroxazine, pafatkiazine, 
paradiazine series — e.g., resorufin, methylene blue, toluylene red, safra-^ 
nine, etc, ; the dyes of the thiazote group, and also of the important^ ;• 
febrifuges, like antipyrine, salipyrine, tolypyrine, belonging to the ' 
pyrazole-group, and piperazine or hexa-hydropyrazine, etc. 

• I. THREE-MEMBERED HETEROCYCLIC COMPOUNDS. 

As a rule, bodies of this class manifest “ ring-strain to a greater 
degree than the carbocyclic substances of the trimethylene series. 
That is, they are inclined, in consequence of a rupture of the ring, to , 
take on additional atoms or atom groups. Hence, they are produced 
only under the most favourable conditions, and many compounds 
which formerly were regarded as based upon three-membered hetero- 
cyclic rings have, as a result of more recent study and investigation, 
'iiad their formulae doubled, or have been discovered to*be still higher 
steps in polymerization (compare ethyleneimine, glycolide, etc.). 


A. MONOHETERO-ATOMIC THREE-MEMBERED RINGS. 

H.C. 

{a) Having an 0 -mcmber: Ethylene oxide, I /O. The method 

H gC 

of preparing this compound and its properties have already been 
described in connection with glycol of the aliphatic series. It exhibits 
a great inclination toward a rupture of the ring. This is shown by the 
fact that it precipitates the hydroxides from solutions of the metals 
with the simultaneous formation of glycol acidylhydrins. The same 
tendency is observed with the substituted ethylene oxides, like tetra- 
methylethylene oxide, the glycide derivatives, condensed nuclei containing 
the ring of ethylene oxide — e,g,, tetrahydronaphthylene oxide and 
diketotetrahydronaphthylene oxide (Vol. II, p. 686), etc. 

H,Cv 

(t) Having an S-member: Ethylene sulphide, I/S, correspond- 

^ H2C 

mg to ethylene oxide, is apparently not capable of existing. It is 
usually its polymerides which are obtained: (C2H4S) x and (C2H4S)2 


diethylene disulphide; compare tolane sulphide, II /S. 

CgHsU' 


See also 


the addition products of sulphur with ethylene and acetylene deriva- 
tives (B. 28 , 1635; 30 , no). 


HgCv 

(c) Having an N-member: Ethylene imine, I /NH, also appears 

HjC 

unstable. Ethylenediamine hydrochloride and others rather yield 
the six-membered ring of piperazine. It is assumed that oxalimide, 

COv 

I /NH (I. 483), as well as the lactimides^ e,g., benzoyl-amino- 


CgHgCB : C y 

cinnamic acid lactimide, I /NCOCgHj contain a three- 

OC^ 

membered ring consisting of two C-atoms and one N-atom. 
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B. DIHETERO-ATOMIC THREE-MEMBERED RINGS. 


Rings, consisting of C, N, and 0 , are assumed to be present in the 
nitrogen ethers of some of the, altioximes — e.g., the iV-alkyl bepzal- 

dozimes, I /O, which are resolved by acids into benzaldehyde 

and iV-alkylhydroxylamines. The same ring occurs in different poly- 
cyclic substances— the isatogen compounds, such as isatogenic 
/CO— C.COOH 

acid, products obtained by reducing acy- 

• xNH— CCHj 

lated o-nitranilines with ammonium sulphide — e.g., 


(see benziminazole), etc. Compare also anthranil and anthroxan 

yC(CHs)v 

aldehydes. Methyl anthranil, /O. Phenyl anthranil, 

anthroxan aldehyde, and anthroxanic acid ; compare also turoxw. 
Thialdolaniline, CeH^N CH — CH(OH).Cli,, contains a ring consisting 

^s/ 

of C, N, and S. The same may be observed of similarly formed 
compounds (see Usebe*s green, Vol. 11 . 588). 

Hydrazi- and Azimethylene-group : Substances consisting of two 
N- and one C-atom are much better known. The hydrazi-derivatives 
belong in this class. They are obtained from the hypothetical hydrazi- 

methylene, (Curtius, J. pr. Ch. [2], 44 , 169, 554). They are 

produced in the action of hydrazine upon o-diketones and a-ketone 
carboxylic esters (1. 328) — e.g., benzil, diacetyl, pyroracemic 

ester: 


/NH 

Benzoyl-phenyl-hydrazimethylene, CeHg . co . c (CeHs)^ | , melts 

NH 

with decomposition at 151°, and diphenyl-dihydrazimethylene, 
HNv /NH ^ ^ . 

Hj^/C(CeH5).C(CeH5)<^^H> ^^^elts at 147°. Carboxylic acids of this^ 

result from the reduction of esters of the diazo-fatty acids: 

HN\ 

Hydraziacetio acid, 1 ^h.cooh (i. 405), and hydrazi- 

HN 

HN\ 

propionic methyl ester, ^J|^^^(CH,).cooch 8, melting at 82°. The 


HN\ 

potassium salt of a snlpho-hydraziacetic ester, 

has been made by the action of potassium sulphite upon diazoacetic 
ester (B. 28 , 1848). 

The hydrazo-compounds are readily changed by oxidation to the 
azo-derivatives containing two atoms less of hydrogen. 

The diazo-compounds of the aliphatic series are obtained from 
si«tiyi^f .^ ylAne or diazomethane. The latter is produced when nitroso- 
methylurethane is digested with methyl alcoholic potash. Compare 
Vol. L 213 for its properties. It also xAults from the reduction of 
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methyl nitramine ( 1 . 169; B. 29 , 961), and from the action of hydroxyl- 
amine upon methylchloramine (I. 169; B. 28, 1682). 

Diazo-acetic ester (I. 402), diazopropionic ester (I. 410), diazo- 

Nv 

sacdnio ester (1. 567), and diazomethane disolphonic add, 

(I. 454), are derivatives of diazomethane. 

Aromatic derivatives ' are : PhenyUdiazo-methane, diazo-aoeto- 
phenene, azibenzil, and azo-camphor. Compare also diazo-indoles, 
diazo-indazoles, and diazotetrazoles. 

2. FOUR-MEMBERED HETEROCYCLIC SUBSTANCES. 

A. MONOHETERO-ATOMIC FOUR-MEMBERED RINGS. 

Trimethylene oxide, ch,<^|^*>o (I. 318), is a homologue of ethylene 

oxide. Its properties are not well known. The internal anhydrides of 
certain aromatic ^-hydroxycarboxylic acids, /3-lactones bf the common 
:C — CO 

formula 1 ^ , also belong in this class. Compare also dimethyl 
malic acid lactone, Vol. I. 

Trimethylene imine, ch2<^^®>nh, corresponding to .trimcthylene 

oxide, is produced, together with / 3 -methylpyridine, on heating tri- 
methylenediamine hydrochloride. 


B. DIHETERO-ATOMIC FOUR-MEMBERED RINGS. 


I. The most important bodies containing four-membered rings 
with two adjacent hetero-atoms are the cyclic salts, showing a structure 
analogous to that of betdne, therefore grouped under the name 
betaines. All carboxylic acids form betaines if they contain in the 
a-position a group similar to ammonium hydroxide. Just as tri- 
methylglycocoll hydrochloride, ClNtCHgl^.CH-.COOH, yields betjune, 
(CH,),N — CH. 

. 1 1 , so pyridine-chloracetic acid, C1N(C5H5)CH2 . COOH, 

° , (C,H.)N — CH, 

forms pyridine-betmne, ^ triphenylphosphine- 

chloracetic acid, C1P(C,H5)3CH2C00H, triphenylphosphorbetidne, 

(C,H,),P — CH, 

^ (B. 27 , 273), and methyl-ethyl sulphide-bromacetic acid, 

BrS(CH3)CH2.COOH, 5delds methyl ethyl thiobetame, methyl ethyl 
(CH,)(C,H,)S^CH, 

thetine, I I . 

O— CO 


N=C(CH,) 

DimethyUudethane, P'^o^lticed on mixing equimolecular 

quantities of hydraiine hydrate and diacetyl, and probably also 
hydraznlmine and aznlmic add, formed by the interaction of ammonia 
and cyanogen, contain four-membered rings with two adjacent 
N-atoms. 
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2. The cyclic cdkylidene-, carbonyl-, and thio-carbonyl-ureas, -thio- 
ureas, and -^-thioureas, contain rings with alternating C- and hetero- 
atoms: 

Methylene urea, co >ch„ and methylenethionrea, 

are obtained by the action of chlormethyl alcohol upon urea and 
thiourea (M. 12, 90); ethylideneurea and -thiourea are similarly 
formed from acetaldehyde; methylene-diphenyl • \p • thiourea, 

CeHgN • C<n(CoHs) diphenylthiourea and CHglg (Vol. II. 

p. 102) ; carbonyl-thiocarbanilide, c.HjN .* c ^ j >co, melting at 87°, 
from diphenylthiourea and COClg, as well as by desulphurizing thiocar- 
bonylthiocarbanilide, CeH^.N : c<^“^^^>cs, melting at 79®, which 
results from the interaction of CSCI2 and diphenylurea (B. 25, 1459). 


3. FIVE - MEMBERED HETEROCYCLIC SUBSTANCES. 
A. MONOHETERO-ATOMIC FIVE-MlCMBEkED RINGS. 


..y Furan (Furfurane),* Thiophen (Selenophen), Pyrrole. f 

The members of the furan, thiophen, and pyrrole group contain 
five-membered monohetero-atomic rings. They form a closely allied 
family from the standpoint of methods of formation and chiunical 
behaviour. The parent compounds of these groups contain, in the 
ordinary sense of the term, a chain of four CH: groups, which is closed 
as a ring by O : , S : or NH : 


CII-CH\ 

I / 

CH=rCH 

Furan. 


O 


CII-CH\ 

1 >s 

CH=CK 

Thiophen. 


CU=rCll 


Cll^CH' 

Pyirole. 




(I 


The parent bodies and their numerous derivatives, especially the 
thiophens, manifest a great and, in the latter instance, a very remark- 
able similarity to benzene and its compounds, inasmuch as many of, 
them show the reactions peculiar to benzene derivatives in contra- 
distinction to the fatty substances. 

The production of blue-violet and violet-red dyes in the action of 
isatin and phenanthraquinone with sulphuric acid upon furan, 
pjn"role, and thiophen compounds is particidarly noteworthy. 

The common methods of forming furan, thiophen, and pyrrole 
derivatives from y-diketo-compounds have frequently been mentioned 
after the description of the latter bodies: 

Furans result by the elimination of water from the y-diketoncs; 

Phosphorus sulphide (P2S5) converts y-diketones into thiophens. 


CH=CH. 

• The compound | is called furan, the nsyne fur/uryl representing 

CH=CH'^ 

group C4H8O CHJ, while C^HjO — is called 
, / ' t Compare C. Paal, *' Furfuran, Thiophen, und Pyrrolsyntheseu,*’ Wiirz- 
burg. 1890. 
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Pyrroles are produced by the action of ammonia or primary amines 
upon y-diketones: 


CH,— COCH, ,-CH=-C(OH)CH,-| 

I I I 

CH,— COCHj '-CH=--C(OH)CH,-' 

Accton;flacetone. (Enol fonn ) 


CH-^C ■ 

Dimethylpyrrole. 

Here the y-diketones react as unsaturated aS-glycols. The 
furans, tho thiophens, and pyrroles may be considered as the cyclic 
anhydrides, sulphides, and imines of the latter. Furans, thiophens, 
and pyrroles arc also obtained by distilling mucic and isosaccharic 
acids alone or with BaS, and in the distillation their ammo- 
nium salts. 

These syntheses harmonize with the accepted structural formulas 
for furan, pyrrole, and thiophen. 

The peculiar aromatic character of these compounds is intelligible 
if Thiele's views of the benzene nucleus are transferred to the present 
ring systems, with the assumption that in the three five-membered 
rings the sulphur, nitrogen, or oxygen atom can to some extent 
assume the character of a double link by an exercise of its higher 

C — C 

valency (B. 37 , 4254; C. 1905, II. 1797). On formulae like 

C “ - C 
C 

and j >NH, sec B. 24 , 1347, 1758. On desmotropic formulae of 
c 

pyrrole see below. 

To distinguish the possible isomerides, the replaceable hydrogen 
^toms of the methine groups in furan, thiophen, and pyrrole are 
designated by numbers or letters, as with benzene: 


-H‘20 




NH:i 




I >0 

CH=C- 


-CHg 

-CH, 


Dimethylfuran. 

CH=C CH, 

1 >s 

CH=C CH, 

Dimethylthiophen. 

CH=C CH, 

I >NH 


rir — rTr 



* 5 



The positions 2 and 5 are equal in value; also 3 and 4. The first 
are also termed the latter / 1 -positions. It is obvious that the mono- 
derivatives of furan, thiophen, and pyrrole can exist in two isomeric 
forms (a-derivatives and ^-derivatives). 

The C-disubstitution products occur in four forms, as ««-, a^-, a/i'-, 
and fip-, derivatives. 
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I. THE FURAN GROUP. 

< Foran (Furfarane)9 C4H4O, boiling at 32°, was first obtained by 
distilling barium pyromucate (p. 18) (Limpricht, 1870 ; C. 1897** H. 
268): (C4H3O.CO2H = €41140 + 005^. It is present in the distillation 
products of pine wood. It is a liquid insoluble in water, and has a 
peculiar odour. 

By conducting its vapours with hydrogen over finely divided 
nickel heated to 170°, it is reduced to tetrahydrofuran or tetra- 
methylene oxide (C. 1908, I. 1630). With isatin and phenanthrene 
quinone it forms dyes. It reacts very violently with hydrochloric 
acid, and forms a brown amorphous substance (like pyrrole red, p. 28). 
A pine shaving moistened with hydrochloric acid assumes a green colour 
when brought in contact with the vapours of furan. 

By means of methyl alcoholic HCl, furan can be split up to 
form the tetrajnethylacetal of succindialdehyde (Ch. Ztg., 1900, 857). 

Bromo-furan can be obtained from brom-pyromucic acids, or 
by the direct action of bromine upon furan. Addition products 
result from an excess of bromine. 

Di-iodo-fnran, m.p. 47°, from the K salt of dehydromucic acid 
with iodine at 100° (Am. Ch. J., 25 , 439). 

iS(?)-Nitro-fiiran, m.p. 28°, volatile with steam, is formed by 
nitrating furan with fuming HNO3 in acetic anhydride. An 
aldehyde (nitro-succin-aldehyde ?) seems to be formed as an inter- 
mediate product (C. 1902, I. 1106). A dinitro-furan, m.p. loi'', is 
formed by nitrifying nitrofuran or nitropyromucic acid. 

a-Amino-furan has been obtained in the form of its ujethanps 
from pyromucic azide by boiling with alcohols; also /^-amino- 
furan in the form of its acetyl derivative, m.p 112°, from acetamino- 
pyromucic acid by splitting off CO2. The free amines could not be 
obtained from these derivatives, since on saponification they split off 
NH3 (J. pr. Ch. [2], 66, 38; C. 1903, II. 292). 

Me^lfuian, C4H3(CH3)0, is in all probability sylvane, which 
occurs in pine-tar oil. It boils at 63® (B. 13 , 879). ^ 

It can also be obtained from creosote from beechwood tar. On 
splitting up with HCl it yields laevulinaldehyde, CH3COCH2CH2CHO 

(B. 31 , 37). 

\I a,a^-Dimeihylfiiran, C4H2(CH3)20, is formed by the distillation 
m carbopyrotritartaric acid, and has been synthesized from acetonyl 
acetone upon heating it with ZnClg or P2O5. It boils at 94°. 

It regenerates acetonylacetone when it is heated with dilute hydro- 
chloric acid to 170®. 

a.a^-Phenyl-methylfaran, CeH5.C4H2(CH3)0, is produced from 
acetophenoneacetone (B. 17 , 915 and 2759). It melts at 42® and boils 
at 235®-240® C. Sodium and alcohol convert it into a tetrahydro- 
conmound. 

BiphanyUoran, melting at 91®, is obtained from diphenacyl 
2 % R. 743; 26 , 1447). TriphenyUaran, meltinff at 93®, is 
formed from desylacetophenone (B. 21, 2933 ; 26 , 61) TetraphenyU 
toran, Lepidene (B. 22, 2880), melting at 175®, is^ produce, 
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together ^with benzil, when benzoin is heated with hydrodhloric acid 
to 130°. 

The acetate of a y^-hydrozy-triphenylfuran, m.p. 135®, is obtained 
from dibenzoyl styrene with acetic-sulphuric acid (B. 31 , 1248). The 
so-called carlina oxide, obtained from the ethereal oil of Carlina 
acaulis, m.p. 167°, is perhaps i-phenyl-3,a-furylallene (B. 42 , 2355). 

Fuifuro-stilbene, C4H3C) — CH=CH — C4H3O, melting at 101°, is 
the stilbene of the furan series. It results upon heating pol5nneric 
thioftfrfural (B. 24 , 3591). 

^ Fuifuryl alcohol, C4H3O.CH2OH, is a colourless syrup, which is 
coldured green by hydrochloric acid. It results from the action of 
sodium amalgam and acetic acid upon the aldehyde furfurol, but more 
easily by treatment with aqueous caustic potash (B. 19 , 2154). Fur- 
furane carbox3dic acid is produced at the same time (2C4H3O.CHO -l- 
H2O = C4H3O . CHgOH + C4H3O.CO2H) (B. 19 , 2154). 

Furfur alcohol is found in considerable quantities in the coffee oil 
of roasted coffee; diphenyl carbaminic ester, C4H3O[CH20CON(C3H5)2], 
m.p. 98° (B. 35 , 1846, 1855). 

Furfuirl methyl ether, (C4H30).CH2.0.CH3, boils at I34®~i36'' 
(B. 26 , R. 239).^ 

Furfurylamine, C4H3O.CH2.NH2, boiling at 146°, results in the 
reduction of furfuronitrile and furfurol hydrazone (see below). 

w-Propyl-rt-furfuryl carbinol (C 4 H 30 )CH(OH).C 3 H 7 , b.p.ja 93°, 
form furfurol and propyl magnesium bromide (C. 1910, I. 450); several 
tertiary a-furfuryl carbinols and aa'-furfuryl dicarbinols have been 
obtained by the action of alkyl magnesium haloids upon pyromucic 
esters and dehydro-mucic ester (C. 1906, I. 851). 

^ Furfural* (Furfuraldehyde), C5H403=C4H30.CH0, boiling at 162°, 
with the sp. gr. 1.163, is the aldehyde of pyromucic acid, and is produced 
in the distillation of bran {furfur, Fownes, 1849), or of sugar (Dober- 
einer, 1831), and wood, as well as most carbohydrates and glucosides, 
with dilute sulphuric acid. When present in even the merest traces 
it can be detected by the red coloration given by aniline or xylidine 
(B. 20 , 541). 

, Furfural is produced quantitatively when pentoses like arabinose, 
etc., are distilled with hydrocliloric acid. Various analytical methods 
for the estimation of the pentoses are based on this fact (B. 28 , R. 629). 
Glycuronic acid, when heated with hydrocliloric acid, breaks down 
into furfural, water, and CO2 (B. 29 , R. 280). 

Furfural is a colourless liquid with an aromatic odour. It is fairly 
soluble in water and very soluble in alcohol. It becomes brown on 
exposure to the air, and shows all the properties of an aldehyde. It 
combines with bisulphites, passes into furfuryl alcohol under the 
influence of sodium amalgam, and is changed to p5rromucic acid by 
silver oxide, and to the alcohol and acid through the action of caustic 
potash. 

By the oxidation of furfurol with hydrogen peroxide or Caro's acid 
we obtain oxyturforals, C4HaO(OH)(CHO), which give characteristic 
colour reactions wifh phenols (B. 33, 3132). It yields furtoraldoxime 
with hydroxylamine; this mdts at 89® and boils at 205^ It unites 

* This is oiten called furfurol!' but this name is j)etter avoided, as it implies 
the presence of a hydroxy group. 
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similarly with phenylhydrazine, forming a hydrazone, melting at 96®/ 
With orthofoVmic ester it yields the acetM, C4H30.CH(0C2H5)2, boiling 
at 187® to 190° (B. 29 , 1008). 

Furthermore, furfural manifests all the condensation reactions of 
henzaldehyde (see below), (i) It combines with dimethylaniline to 
form a green dye-stuff, corresponding to malachite green. (2) It con- 
denses with aldehydes and ketones of the fatty series to furfurane 
aldehydes and ketones with unsaturated side-chains. This reaction 
‘occurs quite readily on digesting with dilute caustic soda (B. 13 ,^ 342 ). 
Thus, with acetaldehyde it forms fuifur-acrolein, C4H3O.CH : CH.- 
CHO, melting at 51°; with acetone, furlur-acetone, C4H3O.CH:- 
CH.CO.CH3; with acetophenone, lorfural-mono- and diacetophenone, 
and difurfural triacetophenone (B. 29 , 2248). (3) Just as potassium 
cyanide in alcoholic solution changes benzaidehyde to benzoin, so it 
converts furfurol into furoin, CjqH804, melting at 135°; 2C4H3O.- 
CH0=C4H30.CH(0H).C0.C4H30. This is in every way similar to 
benzoin. Furoin is oxidized in dkaline solution by the oxygen of the 
air to furil, C4H3O.CO.CO.C4H3O. This corresponds to benzil. 
Tin and hydrochloric acid reduce it to desoxy furoin, (C4H30)CH2.- 
G0(C4H30) (B. 28 , R. 992). Furil digested with caustic potash 
becomes furilic acid, (C4H30)aC(0H)C00H, analogous to benzilic acid. 
Compare B. 25 , 2843, for the condensation products of furoin with 
o-diamines. 

Furfurane acids, with unsaturated side-chains, are produced, in 
the condensation of furfural and fatty acids, on heating it with the 
anhydrides and sodium salts of the fatty acids. This is analogous to 
the formation of cinnamic acid from benzaldehydc. Furyl-acryhc acid 
results on heating furfurane with acetic anhydride and sodium acetate: 

C4H3O.CHO +-CH3.C0jNa=C3H30.Cn : Cll .COaNa +H3O. 

' Furyl-acrylic Acid, C7H3O3, melting at 141°, is also formed from 
furfur-malonic acid, the condensation product of furfurol and malonic 
ester (B. 24 , 143; 27 , 283). Furyl-acrylic acid, like cinnamic acid, 
occurs in a stereoisomeric modification (B. 28 , 129). The acid, when 
heated with hydrochloric acid, has its ring decomposed, and acetone 
diacetic acid results. Sodium amalgam converts it into 

Fi^l-piopionic Acid ( i) , C4H3O . CH2 . CHg . COgH, melting at 5 1 °. 
Bromine-water disrupts the furfurane ring in this compound, and the 
product is futon-aldehyde (2), which can be gradually converted step 
by step into furonic acid (3), hydrofuronic acid, or, y-ketopimelic 
acid (4) and pimelic acid (5) : 

(1) (2) 

CH=CH CH.CHO 

I >0 >11 \ (3) 

CH=C— CHj.CHa.COOH CH.CO.CH,.Cn3.COOH\v CH .COOH 

(S) (4) / ll 

CH* .COOH CHa .COOII / CH .CO .CHa.CHj.COOH 

I < 1 ^ 

CH2 . CH2 . CHa . CHa . COOH CHj . CO . CH, . CH, . COOH 

This conversion of furfural into «-pimelic acid proves that the 
aldehyde group is in the a-position. 
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Fauryl-a^lie Add, C4HaO.CH : C(CH2.CH8).COOH, from furfural 
and butyric acid, melts at 88®, and passes into the c6rresponding 
Furyl-valerio Add under the influence of sodium amalgam. 

Furfural condenses with laevultnic acid, depending upon whether 
alkaline or acid solvents are employed, either to 5 - or ^-Forhir- 
tovulinicAdd, C4H3O.CH: CHXOXH2.CH2XOOH, or C4H3OXH:- 
C(CO . CH3) . CHgCOOH. The latter changes readily with benzene ring 
formation into hydroxyacetocoumarone (p. 40). 

From furfurd and succinic acid the following have been obtained' 
under different conditions: 

Furtorsucdnic acid, (C4H30)CH:C(C02H)XH2C02H; difoifursuo- 
dnic add, (C4H30)CH : ^COgH) XCCOgH) : CH(C4H30); and diliirfur 
propionic add. (C4H30)CH : CK.CiCO^W ) : CH(C4H30) (B. 34 , 1626; 
C. 1904, I. 925). 

Hydrofurfuramide, (C5H40)3N2, melting at 117®, results from the 
action of aqueous ammonia upon furfural (as hydrobenzamide from 
benzaldehyde; q-v.). 

Boiling water decomposes it into furfural and ammonia. If boiled 
with KOH it undergoes a transposition into the isomeric base, Furtorin, 
melting at 116® (compare glyoxalines). 

^ By the action of primary aromatic amines and their salts upon 
furfural, the furfurane ring is broken up, and strongly coloured 
arylamine derivatives of / 3 -oxyglutaconic aldehyde are formed. Their 
hydrochlorides, on boiling with alcohol, split off i mol. arylamine and 
pass into N-aryl-'S-oxy-pyridinium salts (B. 38 , 4112): 


CH : C— CHO 
I >0 - 

CH : CH 


CH : C(OH) .CH : NC.Hj^HCl CH : C(OH) .CH 

CH : CH.NHC.H5 ^CH : CH ^N(C.H5)C1. 


a-Methyl furturd, C4H2(CH3)O.CHO, boiling at i84®-i86®, occurs 
together with furfural in wood oil (B. 22 , 608). It is also present in 
the product obtained by distilling varec with sulphuric acid. When 
rhamnose (I. 619) is distilled with sulphuric acid, it results, just as 
furfural is obtained from arabinose (B. 22, R. 752). 

• <o-Oxy-a.methylfarfaral, (C4H20)(CH20H)CH0, b.p.Q 70®, is formed 
in the dry distillation of celliiose, and on heating hexoses with 
aqueous oxalic acid under pressure. The corresponding halogen 
hydride esters, chloro- and bromo - methyUorfural, m.p. 60®, are 
obtained by the action of HCl and HBr upon ketoses or cellulose 
(B. 43 , 2795). 

' Ketones of the Furfurane Series , — a-Acetyl-furan, C4H3(XCOCH3), 
33°* b.p.io 67®, is found in wood-tar, and is obtained syn- 
thetically by the splitting up of furoyl acetic ester, C4H3OXOXH2- 
COXgHg, b.p.jo 143®, the condensation product of p5n:omucic ester 
and acetic ester (C. 1898, I. 327; B. 33 , 492; C. 1911, I. 81). 
«-FuryI- 4 wetone, (C4H30)CH2C0CH3, bp. 180® (C. 1906, I. 669). a- 
BenisoyWur^ C4H30(C0CeH5), b.p.^ 164°, is obtained from pyro- 
mucic chloride, benzene, and AlCl, (C. 1900, I. 299). aa,-Dibeiizoyl 
turan. m.p. 107®, from dehydro-mucic chloride with benzene and 
ooi-Pheiiyl-mefhyl-iS-aoetsrl-taran, m.p. 57®, from phenacyl- 
macetyl-imethane (C. 190a, I.® 1164). 

VOL. m. 
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f Carboxylic Acids of Furfurane . — Foran-a-carbozylic Acid (com- 
pare C. 1897* II. 268), C4H3O.CO2H, 'fyromucic acid , melting at 134® 
with sublimation, is obtained by the oxidation of furfural, and in the 
distillation of mucic and isosaccRaric acids (Vol. I.); it therefore 
contains the carboxyl group in the a-position. 

History, — Scheele, in 1780, observed pyromucic acid as a product 
of the distillation of mucic acid. Pelouze ( 1834) determined its com- 
position, and V. Baeyer established its constitutional formula. , 

Its ethyl ester, C4lI3O.CO2.C2H5, melts at 34° and boils at 210® C. 
Its chloride, C4H3O.COCI, boils at 170®, Ammonia converts this into 
an amide, C4H3O.CO.NH2, which is changed into pyromuconitrile, 
C4H3O.CN, by PCI3. The nitrile can also be obtained from furfural- 
doxime by the exit of water. Sec C. 1897, I. 1024, for the hydrazide, 
azide, etc. 

Bromine vapour converts pyromucic acid into a tetrahromide, 
C4H30Br4.C02H, which is oxidized to dibromsuccinic acid by chromic 
acid. Fumade acid results on evaporating pyromucic acid with 
bromine water. An excess of bromine or chlorine water produces 
mucobromic acid and mucochloric acid (I, 402). 

a-Brom-pyromucic Acid, C4H2Br0.C02H, is formed by heating the 
tetrabromide, and by brominating pyromucic acid in glacial acetic acid 
solution. It melts at 184® (B. 19, R. 241). /^-Brompyromucic Acid, 
from the two dibrompyromucic acids and zinc, melts at 129° (B. 17, 

1759)- 

NitropyromucicAcid,C4H2(N02)O.C02H, melting at 183®, is formed 
by nitrating furan-dicarboxylic acid and by oxidizing ^'j-nitrovinyl- 
nitrofuran (B. 18 , 1362). 

Its ethyl ester, on reduction with A1 amalgam, gives amino-pyro- 
mucic ester, C4H20(NH2)C02C2H5. Its acetyl derivative is saponified 
by potash to acetamino-pyromucic acid (C. 1902, II. 1097; 1903, 
II. 292). 

a,ai-Furan dicarbozylic Acid, C4H20(C02H)2, dehydromucic acid, is 
produced by heating mucic acid to 100® with hydrochloric acid. It 
dissolves with difficulty in water, and when heated breaks down into 
carbon dioxide and pyromucic acid. The esters are all solid, and shoW 
interesting melting-point regularities: Dimethyl ester, m.p. 112®, 
b-P i6 iSS'"; diethyl ester, m.p. 47®; chloride, m.p. 80°. 
y a^j-Furan dicarbozylic acid, m.p. 266®, dimethyl ester, m.p. no®, 
is formed from bromo-cumalinic ester with potash (B. 34 , 1992) : 

CH—O— CO _KOH CH~0— CCOOH 

C08R.C--CH=CBr ^ COgH.C CH 

Homologous furdn-carboxylic acids can be obtained synthetically 
from y-diketone carboxylic esters by the removal of water. 

Heihylpyromucic Acid, C4H2(CH3)OXOOH, melting at 109®, 
obtained from methyl furfural by oxidation; its chloride, m.p. 28®, 
b.p. 202®, gives on bromination a dibromo-substitution product, which 
on treatment with water gives aldehydo-pyromncio acid, C 4 H 2 O- 
(COOH)(CHO) +H 2 O, m.p. 202°, which oxidizes to dehydromucic 
acid (C. 1898, 1. 933). « 
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a,a^-DimethyUaran-/?-carboxylic Acid, PyrotritariaAcid, C4H{CH3)aO. 
COgH (B. 20, 1074), Uvinic Acid, melting at 135® C., hiay be ob- 
tained (i) from acetonylacetoacetic ester ; (2) from carbopyrotri- 
taric acid and from methronic acid by the splitting-off of carbon 
dioxide; (3) from tartaric acid by distillation; (4) from pyroracemic 
acid by protracted boiling with baryta-water or sodium acetate, etc. 

When heated to i5o°-i6o° with steam it breaks up into carbon 
dioxidj and acetonylacetone. Rapidly distilled, it decomposes into 
carbon dioxide and dimethylfuran. 

a,^^-DimethyUuran-^-carboxylic Acid, melting at 122^ is iso- 
meric with pyrotritaric acid. It is formed (i) from brom^'sode- 
hydracetic acid instead of the expected a/:^j-dimethyl-i 5 aj-furfurane 
dicarboxylic acid; (2) by the condensation of acctoacetic ester with 
chloracetone; (3) from /^-methyl-faran-a.acetic-/^-carboxylic acid, m.p. 
196°, by elimination of COg (B. 35 , 1545). 

a,a^-Methylphenyl!uran-)^?-carboxylic Acid, C4H(CH3)(C3H5)0 . COaH, 
from acetophenone-acetoacetic ester, melts at 181°, and'when heated 
breaks down into CO^ and mcthylphenylfuran (B. 17 , 2764). 

a.^i-Dimethylfuran-A^j-dicarboxylicAcid, C4(CHj)a0(C02H)2, carbo- 
pyrotritaric acid, melting at 261°, results upon boiling diacet- 
siiccinic ester with dilute sulphuric acid (Knorr, B. 17 , 2864; 22 , 146). 
Carbopyrotritartaric acid at higher temperatures breaks up into carbon 
dio^xide and pyrotri tartaric acid. 

Methronic acid, « - methylfuran - - aceto - - carboxylic acid, 

C«HsO,, m.p. 204"^, is isomeric with carbopyrotritai'ic acid, and 
also yields on splitting off CO2 pyrotritaric acid. It is formed 
(i) from acetoacetic ester and Na succinate in the presence of 
acetic anhydride (B. 18 , 3410), which may be formulated as follows 
(B. 39 , 2129) : 

COjH .CH2 + CO(CH3)CHaCOaR COJI.C = C-CIT3 + CILJCO^II 

I > 1 >0 

CH^-COOn + CH,(COJl)COCIl3 HC = C-CH2COaH fHO.COCHa 

Similarly, acetoacetic ester and pyrotartaric acid gives methyl 
m*ethronic acid. 

(2) By condensation of acetoacetic ester with glyoxal, together 
with sylvane-acetic ester containing less COg (B. 21 , R. 636; 22 , 152; 
A. 250 , 166). 

Hydrofurans . — But few hydrofuran derivatives have been obtained 
by the reduction of furans — e.g., tctrahydro-a.aj^-methylphenylfuran, 
QU6(CH3)(CeH5)0, boiling at 230°, from methylphenylfuran, tefra- 
hydrodiphenylfuran (B. 23 , R. 744), etc. 

By reduction of dehydromucic acid with sodium amalgam at 0® 
in a current of CO2 we get the so-called (t^) (cis)-Dihydro-a,ai"furan- 
CH— CHCOaH 

dicarboxylio acidl !l > o m.p. 150®, which is transposed in 
CH— CHCO.H 

alkaline solution to the {/S) (trans-) form, m.p. 179®. The latter 
can be resolved by cinchonine into its optically active components, 
m.p. 144°. With bromine, both acids combine to form dibromides, 
which, on treatment with biryta-water, yield pyromucic acid. On 
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prolonged boiling with alkali, the (a) and {fi) acids yield (y) Dlbydro- 
* CH,-~CHCOjH 

furan-dicarboxylic acid, I >o (^); in contrast with the 

CH = CCO^H 

(a) and {P) acid, this acid is further reduced by sodium amalgam to 
tetra]^droluran-a,aj-dicarboxylicacid,C4HgO(C02H)2,(a) form, m.p.gs®, 
( 0 ) form, m.p. 124° (C. 1901, II. 271; 1905, I. 1558). 

Synthetically, by reduction of erythritol we obtain dihydrO'p 
furan, C4HgO, b.p. 67°, which is transformed by PCI5 intcf furan 
(Bull. soc. chim., 35 , 418). a>Methyl-dihydroIiiran, C4H5(CH3)0, is 
formed from aceto-propyl alcohol (see Vol. I. and B. 22 , 1196). 
aa^-Diphenyl-dihydrofuran, C4H4(C3H5)20, m.p. 89®, is obtained from 
a-phenyl-cinnamyl-acrylic acid dibromide with alkalies (A. 306 , 210). 
Further dihydroiuran derivatives have been obtained synthetically 
from a-chloro‘Cro tonic ester and chloro-fumaric ester by condensation 
with sodium acetoacetic ester and sodium benzoyl - acetic ester 
(B. 29 , R. 859). 


CHj— CH,v 

Tetramethylene oxide, I /O, and its homologues (I. 299) 

CII, — CHq 

are tetrahydrofurans ; the 7 - lactones — e.g., butyrolactone, 
CH,— CO*. 

I /O (I- 345) — and the anhydrides of the succinic acid 

CH2““CH2 

CH,— COv 

series — eg, I (I. 447), etc. — are keto- and diketotctra- 

CH o— 


CO— CHgv 

hydrofurans. Tetronic acid, I (I. 

logues are isomeric with the latter. 


544). 


and its homo- 


CO . COv 

Also the a-ketolactones of the formula I yO, which are 

CH*. CH/ 

obtained by the condensation of a-ketonic acids with aldehydes 
(B. 31 , 2218). /^,^'-Diketo-tetrahydrofuran-aa^.dicarboxylic acid 

CO.CH— COaCallg 

diethyl ester, I >0 , m.p. 189°, is formed by the oxida- 

CO.CH— COaCaHj ^ ^ 

tion of oxalic ester and ethyl glycollic ester by means of sodium 
ethylate (C. 1906, II. 1433). 


2. THIOPHEN GROUP.* 

Thiophen, C4H4S, an analogue in constitution of furan, C4H4O, 
exhibits the greatest similarity to benzene. It may be viewed as 
benzene, in which one of the three acetylene groups, CH : CH, has 
been replaced by S. By the replacement of the 4-H-atoms in thio- 
phen by other elements or groups we obtain innumerable derivatives, 
in all respects analogous to those derived from benzene. All thiophen 
coifapounds give an intense blue coloration — the indophenin reaction 
(B. 16 , 1473) — when mixed with a little isatin and concentrated 
sulphuric acid. 


V. Meyer, Die Thiophe&gruppe/' 1888. 
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History, — ^Thiophen, as well as the methylated thiophens, are 
invariably associated with the benzene hydrocarbons which are pre- 
pared technically from coal-tar.^ Therefore, before thiophen was 
discovered, the indophenin reaction was considered as characteristic 
of benzene hydrocarbons. V. Meyer (1883) observed an absence of 
this reaction when working with a benzene preparation made from 
benzoic acid, and that it reappeared when commercial benzene con- 
taining sulphur was employed in the test. This led to the discovery 
of thiophen. The same' investigator ascertained the constitution of 
the latter and its kinship to furan and pyrrole. Thionessal, discovered 
by Laurent in 1841, is a thiophen derivative, but it was only in 1891 
that Baumann and Fromm proved it to be tetraphenylthiophen. 

The synthetic methods of producing thiophen compounds from 
7-dicarbonyl derivatives have been discussed (I. 348; III. 13). The 
more specid procedures are the ready conversion of y-ketone acids into 
hydroxythiophens by means of P2S5, and thiophens resplt when the 
primary hydroxythiophens are reduced with P2S3 (B. 19 , 551 ; 23 , 1495) : 

CHj-CO-ClIa CH=C.CH3 CH=C.CH, 

I > 1 >0 > I >S 

CHa-COOH j CH=C.OH CH = CH 

Lavulinic Acid. 2.5-Oxythiotolene. 2- or a-Tliiotolene. 

V Thiophen, C4H4S, boiling at 84"^, with sp. gr. 1*062 (23°), occurs 
in coal-tar (B. 28 , 492), just as do the methylthiophens; indeed, the 
individual thiophens are present (to upward of 0 6 per cent.) in the 
corresponding commercial benzene hydrocarbons, as they have the 
same boiling-points. Thiophen is found in benzene, methylthiophens 
in toluene, etc. Thiophen is also formed in considerable quantity 
by heating a mixture of sodium succinate and phosphorus trisulphide 
(Volhard and Erdmann, B. 18 , 454) : 

(3) (2) 

CHa-COONa CH = CH\ 

I > 1 >S. (i) 

CHa-COONa CH = CH^ 

(4) (S) 

Thiophen also results upon heating crotonic acid, butyric acid, 
paraldehyde, etc., with phosphorus trisulphide; by conducting ethyl, 
sulphide through tubes heated to redness or passing illuminating gas 
over heated pyrites, FeS^, and acetylene or ethylene over boiling 
sidphur. 

" Unsaturated aromatic hydrocarbons, when heated with s^ilphur, 
yield phenyl thiophens. Thus, styrene forms diphenylthiophen; stil- 
bene, tetraphenylthiophen; also acetylenedicarboxylic acid, thiophen 
tetracarboxylic acid (B. 28 , 1635; 80 , no). Thiophen is obtained 
from crude benzene by shatong it with a little concentrated sulphuric 
acid (B. 17 , 792).' 

It can also be extracted by boiling with Hg acetate, in which case 
the thiophen separates out as thiophen-mercuro-oxy-acetate, which 
can be fairly easily split up into thiophen and mercuric chloride by 
boiling with HCl (B. 82, 758 ; 88, 2208). 

Thiophen is a colourless ifquid with an odour resembling that of 



22 


ORGANIC CHEMISTRY 


benzene. It becomes crystalline when exposed to a mixture of solid 
carbon dioxide and ether. Sodium has no effect upon it, even when 
it is heated. Mixed with a little splphuric acid and isatin, it becomes 
dark blue in colour. The same occurs when its solution in sulphuric 
acid is added to phenanthraquinone in glacial acetic acid (reaction of 
Laubenheimer, B. 19 , 673; 37 , 3348). 

It is remarkable that thiophen, which from its formula can be 
regarded as a cyclic, unsaturated alkylene sulphide, does not exhibit the 
additive power of normal alkyl sulphides for methyl iodide, oxygen, 
etc. When thiophen is heated to 200® with piperidine, sulphur is 
eliminated and a base produced which yields tetramethylenedipiperi- 
dine, C5HioN(CH2)4NC5Hi(j, upon reduction (B. 28 , 2217). 

This very striking analogy existing between bodies of the thiophen 
series and the benzene series may be observed with the following 
representatives of both groups, the boiling and melting points of which 
compounds are presented in the table. The benzene derivatives have 
already been discussed; those of thiophen will receive attention in the 
succeeding pages. 


Benzene Series. i Thiophen Series. 


Benzene 

Toluene 

p- Xylene 

isopropylbenzene 

Diphenyl 

Diphenylraethanc 

Chlorbenzene 

p-Di chlorbenzene 

Brombenzene 

T etrabrombenzciic 

p-Dinitrobenzene 

Benzoic Acid 

Benzonitrilc 

Acetophenone 

Benzophenonc 

Cinnamic Acid 



li.p. 

8o-5^ 

i 

Thioplu'ii 

».P. 


110-3° 

' Thiotoloii 

113^ 


138° 

' •2.5-Tlnoxen 

^ 35' 


153° 

/«5oPropylthiopheii 

154' 


254° 

Dithienyl 

266'= 


261° 

Dith leny Imel J 1 ane 

267° 


132° 

a-Chlorthioplicn 


172° 

■ Dichlorthiopheii 

170' 


155° 

a-Broin thiophen 

150" 



Tclrabromthiophcn 

326' 


299° 

Dinitrothiophen 

290*^ 


250° 

a-Thiophcncarboxyhc Acid . . 

260' 


191° 

1 Thiophen -nitrile 


. . 

202° 

Acetothienonc 

I Thienone 

1 -Thienylacrylic Acid . . m.p. 

2 V 3 " 

. . 

307° 

326^ 

138' 

.p. 

133” 


I. Thiophen Homohgues , — Homologous thiophens, in addition to 
their synthetic formation from y-dicarbonyl compounds, are prepared 
from thiophen according to methods perfectly similar to those used 
in the production of the corresponding benzene hydrocarbons from 
benzene; thus, from iodthiophen and an alkyl iodide by means of 
sodium; from thiophen, alkyl bromides and aluminium chloride, etc. 
The behaviour of the thiophen homologues, when subjected to oxida- 
tion, etc., is analogous to that of the corresponding benzenes. 
Metl^lthiophens. 

a-Tbotolen, from iodthiophen by the aid of methyl iodide and 
sodiunl, is converted into a-thiophencarboxylic acid by oxidation. 

^-Motbyltbiophon, /3-Thiotolen, is formed when sodium p5rrotar- 
trate is heated with P^Sj. Both thiotolens occur in Coal-tar. 
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Dimethylthiophens or thiozens occur in crude xylene (B. 29 , 
2560). 2,3-DimetliylthioDhen boils at 136''. 2,4-Dim6thylthlophen 
boils at 138''. 2>5-Thioxen boils at 135''. 34-Dimetliylthiophen 
boils, at 145®. ^soPropylthiopheil, boiling at 154®, is formed when 
aluminium chloride acts upon thiophene and isopropyl bromide. 

a-Phenylthiophen, melting at 41®, is prepared by heating benzoyl 
propionic acid with phosphorus sulphide (B. 19 , 3140). 

u,^i-Diphenylthiophen, melting at 153°, results from diphenacyl 
and PgSg or from styrene or cinnamic acid with sulphur (B. 28 , 890), 
together with a,/ 3 ^>diphenyl-thiophen, melting at 119®. Tetiaphenyl- 
thiophen, ^4(^01^5)45, melting at 184°, is produced when 

thiobenzaldehyde is heated; ^dso from stilbene and sulphur (A. 88, 
320; B. 24 , 3310), just as thiophene is formed from ethylene and 
sulphur (see above). 

Dithienyl, C4H3S.C4H3S, melting at 83° and boiling at 266°, is 
obtained, like diphenyl, by conducting the vapours of thiophen through 
tubes heated to redness. An isomeric a,aj-Dithienyl, itielting at 33°, 
results in the action of sulphuric acid upon thiophen, and also by the 
interaction of «-iodthiophen and silver (B. 27 , 2919; 27 , 2385). 
Dithienylmethane, (C4H3S)2CH2» melting at 43® and boiling at 267®, is 
formed from thiophen and methylal. Thienyldiphenylmethane, 
(C3H3S).CH(C3H5)2, melting at 63° and boiling at 335*^, is prepared 
from thiophen and benzhydrol. Thienyltriphenylmethane, (€^115)3- 
C(C4H3S), melting at 237°, is formed when P2O5 acts upon triphcnyl- 
carbinol and thiophen. The homologous thiophens may also be as 
readily condensed with triphenyl carbinol (B. 29 , 1402). 

Dithienylphenylmethane, CeH5.CH(C4H3S)2, melting at 75®, has 
been prepared by the condensation of benzaldehydc and thiophen 
(B. 29 , 2205). 

as'Dithienylethane, CH2CH(C4H3S)3, b.p. 270® to 280®. sym.-Di- 
thipnylethylene, m.p. 125° (see B. 30 , 2041). 

2. Halogen Derivatives , — Chlorine and bromine attack thiophen in 
the cold. The action is even more energetic than with the benzenes, 
ilidine, in the presence of mercuric oxide, also attacks it at the ordinary 
fetnperaturc. The three halogens first enter the a-position. In proper- 
ties the haloid thiophens are very similar to the benzene haloids. When 
the brominated thiophenes are oxidized with strongly cooled, concen- 
trated nitric acid, the ring is ruptured, and there result dibromomaleic 
acid, brom-citraconic acid, dibromacetoacrylic acid, etc. (B. 24 , 74 , 1347). 

a-Alkylthiophens yield on chlorination and bromination, even in 
sunlight and at boiling-point, almost exclusively nuclear substitution 
products; but in / 5 -methylthiophen, especially on heating, substitu- 
tion takes place mostly in the side-chain (C. 1905, II. 1796). 

a-Chlorthiophen, C4H3CIS, boils at 130®, and dicUorthiophen, 
C4H2CI2S, at 170®. Tetrachlorthiophen, C4CI4S, melts at 36®, and 
boils from 220®-240®. 

a-Bromthiophen boils at 150®. a,a^-Dibromthiophen boils at 211®. 
Its formation serves for the complete isolation of all the thiophen that 
may be present in a thiophen-benzene (B. 18 , 1490). Tribromthio- 
phen melts at 29® and boils at 260®, Tetrabiomthiophen, C4Br4S, 
melts'at 112® and boils at ^26®. It is also produced in the energetic 
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bromination of substituted thiophens when the substitutes are dis- 
placed (B. 2d, 2457). 

a-Iodtliiophen, C4H3IS, boils at 182^. 
j 3. Nitfo-derivatives. — ^The actioh of nitric acid upon thiophen is 
so very energetic that, in order to moderate the reaction, air charged 
with thiophen vapour is conducted into the fuming nitric acid. Mono- 
and dinitrothiophen are then produced (B. 17 , 2648). 

Nitrothiophen, C4H3(N02)S, melts at 44° and boils at 225°. „ 

IMnitrotUophen, C4H2(N 02)35, melts at 52° and boils at 290®. 
Caustic potash colours its alcoholic solution dark red. The same 
coloration of dinitrobenzene, caused in the same way, is due to admixed 
dinitrothiophen (B. 17 , 2778). 

4. Amino-derivatives. — Nitrothiophen is reduced with much more 
difficulty than the nitrobenzenes. The reduction succeeds when zinc 
and hydrochloric acid are allowed to act upon the dilute alcoholic 
solution (B. 18, 1490). 

Aminothiophen, thiophenine, C4H3S.NH2, is a bright yellow oil. 
It resinifies 011 exposure to the air. Its HCl-salt consists of deliques- 
cent needles. It does not yield a diazo-derivative. It combines with 
salts of diazobenzene, forming stable, mixed azb-dyestuffs — e.g., 
C3H3.N : N— C4H2S.NH2.HCl (B. 18 , 2316). 

Acetyl-amino-thiophen, {C4N3S)NHCOCH3, is obtained from areto- 
thienone oxime, (C4H3S) .C(NOH)CH3, by Beckmann^s transformation 
(Ch. Ztg. 23 , 266). a-Tbienyl-urethane, m.p. 48®, from a-thiophencar- 
boxylic azide with alcohol, decomposes on saponification (J. pr. Ch. 
[2], 66, 1). 

^ 5. Sulphonic Acids, — Like the benzene sulphonic acids, the thio- 
phen sulpho - derivatives are produced by dissolving thiophen in 
sulphuric acid. In this reaction the thiophen must be diluted with 
petroleum ether, benzene, or some other agent. They can also be 
prepared from the thienyl-ketones by displacing the ketone groups by 
sulpho-residues (B. 19 , 674, 1620, 2623; 29 , 2562). 

6. Hydroxythiophens. — Hydrox3rthiophen is not known. a-Hydrozy- 
aj^-methyl-thiophen, C4H2(CH3)S.OH, is synthetically prepared froglh 
laevulinic acid. a-Thienylsulphydrate, C4H3S.SH, is prepared bj? 
reducing a-thiophen-sulphonic chloride, C4H3S.SO2CI. It is present 
in the crude thiophen product obtained by distiUing succinic acid 
with PjSg. It boils about 166®. 

7. Alcohols. — Tertiary a-thienyl carbinols {C4H3S)C(OH)R2, like 
dimethyl-, methyl phenyl-, and diphenyl-a-thienyl carbinol, m.p. 33®, 
50®, and 125®, have been obtained by the reaction of a-thienyl 
magnesium iodide with ketones (C. 1908, I. 1784). 

8 . Aldehydes and a-Thiophenaldebyde, C 4 H 3 S.CHO, 

results from the distillation of thienylglyoxylic acid. It boils at 198®. 
See B. 24 , 47; 26 , 2588, for the thiophene aldoximes. 

If oxidized, even in the air, it forms a-thiophenic acid. Aqueous 
caustic potash converts it into thiophenic acid and thienylcarbinol: 
2C4HJS . CHO + KOH - C4H3S . CO2K + C4H3S . CHa . OH. 

^Thlenylearfoinol is an aromatic liquid boiling at 207®. 
^/Thiophenddehyde condenses with sodium acetate and acetic 
anhydride to thienylacrylic acid, C4H3S.Cli : CH.COOH, melting at 
138 . This acid, corresponds to cinnamic add. 



xklOPHEN GROUP 25 

The ketone derivatives of thiophen are obtained very easily by 
the action of acid chlorides upon thiophen in the presence of alu- 
minium chloride. 

arThienyl methyl ketone, C4H3S.CO.CH3, Acetothienone, is an oil 
boiling at 213°. If it be oxidized with permanganate, it first forms 
Thienyl^glyoxylic Acid, C4H3S.CO.CO2H, melting at 91®, and then 
a-thiophenic acid. ^ 

Copipare B. 24 , 232, R. 627, 952, for the condensation products of 
acetothienone with oxalic ester. Dithienyl ketone, Thienone, CO- 
(C4H3S)a, melting at 88° and boiling at 326°, is obtained from thiophen 
and COClg. Thienyl phenyl ketone, C4H3S.CO.C3H5, melting at 55° 
and boiling at 360°, results from thiophen, benzoyl chloride, and 
AlaCl,. 

See B. 28 , 1804, for the brominated thiophen ketones. 

9. Thiophen Carboxylic Acids. — Thiophen carboxylic acids are 
formed by methods which are perfectly analogous to those employed 
in the preparation of the aromatic acids : 

(1) By the oxidation of the alkyl thiophens with a solution of 
alkaline potassium permanganate, a -Ethyl -thiophen first yields 
thienylglyoxylic acid, but this changes to thiophenic acid. 

(2) By the action of chloroformic ester and sodium amalgam upon 
iod- or bromthiophen, or by the interaction of the same reagent and 
thiophen, or the latter, urea chloride, and AlgClfl. 

a-Thiophencarboxylic acid {Thiophenic acid), C4H3S.CO2H, melting 
at 126° and boiling at 260°, is also formed upon heating mucic acid 
with barium sulphide; from a-iodo- thiophen with chloroformic ester 
and Na-amalgam; and by oxidizing aceto- or propiothicnone with 
permanganate (J. pr. Ch. 2, 65 , 6). 

Its nitrile, C4H3S.CN, is produced when a-thiophcne sulphonic 
acid is distilled with KCN, or by the elimination of water from thiophen 
aldoxime (B. 25 , 1311). 

Ethyl ester, b.p.gs 115°; hydrazide, m.p 136°; azide, m.p. 37° (J. 
pr. Ch. [2], 65 , i). 

% /J-Thiophencarboxylic acid is produced when /?-methylthiophen is 
(Jxi^zed. It melts at 136°. 

2;3-Thiophendiearboxylic acid, C4H2S.(C02H)2, melts at 260° 
with decomposition. Like phthalic acid, it forms a fluorescein with 
resorcinol. 

The 2\\-acid melts at 118°. The z'.^^acid sublimes at 300°. 
Sodium amalgam reduces it to — 

Tetridiydro-thiophendicaibozylic add, C4H3S(C02H)2, melting at 
162°. This reduces ammoniacal silver solutions, especially upon 
warming. It resembles the hydrophthalic acids (B. 19 , 3274) in its 
entire behaviour. 

Thiophentetracarboxylic methyl ester, C4(COOCH3)4S, melting at 
127°, is obtained when acetylenedicarboxylic methyl ester is heated 
with sulphur to I50°-I55° in a sealed tube (B. 28 , 1635). 

CH C CH 

Thiophthen, II II II , consists of two thiophen 

CH S““C *— S CH 

nuclei having two C-membera in common. It boils at 225°. It results 
when citric add is heated with (B. 19 , 2444). 



ORGANIC CHEMISTRY 


, , Tetrahydrothiophens are represented by tetramethylene sulphide, 
► CH,— CH^ 

M yS, and its homologues, obtained from aS - dihalogen 

CH| — • 

paraffins by the action of KgS (B. 43 , 545, 3220). 


3. SELENOPHEN. 

The selenophens are constituted analogously to the thiophens. 
They contain an atom of selenium for sulphur. Selenophen, 
CH .=CH. 

cn CH/ prepared in a pure condition! 

It probably is formed when selenium ethide is conducted through tubes 
heated to redness (JB. 18, 1772). 

a.a^-Dimethylselenophen, selenozen, C4n2{CH3)2Se, boiling at 153°- 
i55°> is produced when acetonylacetone is heated with phosphorus 
selenide (B. 18 , 2255)- Isatin and sulphuric acid colour it a carmine 
red. It also shows the Laubenheimer reaction (p. 22). 


4. PYRROLE GROUP.* 

In pyrrole, C4H5N, there is a four-membered carbon chain united 
to a ring by the bivalent imine group. It is, therefore, a seconrlary 
amine, and, like its derivatives, possesses a feeble basic nature, as it 
dissolves in dilute acids. The pyrrole bodies, on the other hand, show 
great similarity in their behaviour to the phenols, the imine hydrogen 
can be easily replaced by potassium. The great reactivity of the 
methine hydrogen in pyrrol is quite remarkable. It can be as readily, 
and in some instances more easily, replaced than the imine hydrogen by 
the most varied groups and atoms. The constitution of pyrrole and 
its relations to furan pd thiophen are deduced from its analogous 
syntheses from the y-dicarbonyl compounds. 

The J^cat reactivity of the methme hydrogens in pyrrole is remark- 
able. Tlrey can be replaced by the most diverse atoms and groups 
with the same facility as the imine hydrogens, or even more. Th^ 
constitution of pyrrole and its relations to furan and thiophen result 
from the synthetic formations from y-dicarbonyl compounds. 

A rather remarkable occurrence is the reversal of these syntheses 
— i.e., the decomposition of the pyrrole ring with elimination of the 
imine group. This is induced by the action of hydroxylamine. 
Dioximes are thus produced. Thus, pyrrole yields succindialdoxime ' 
B. 22,1968): 


CH=CH>. CH,.CH:N.OH 

I >NH+2H,N.0H= I + 

CH=CH'' CHj.CH.N.OH 


N^I,. 


The homologous pyrroles — e.g., o-methylpyrrole, /?-*sopropyl, etc. 
-"—react similarly. This decomposition can be applied in determining 
the position of the substituents in the homologous pyrrols, as the 
a-alkyl pyrroles yield the oximes of ketones, while aldoximes are 

Ciamician, " 11 Pirrolo ed 1 suoi dirivati," Roma, 1888. 
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obtained from the /?-derivatives. These can be readily converted 
into dibasic acids (B. 24, R. 649, 830). 

In contrast to furan and thiophen there is a possibility of a dis- 
placement of hydrogen in the formulation of pyrrole, so that, beside 
the normal Formula I., the desmotropic Formulae 11. and III. must be 
considered: 


. (4) (3) 

CH CH CH -CH CHa CH 

CU.NH.CH CHa.NiCH CH ; N.CH 

(5) (I) W 

From Formula II. the pentachloro-pyrrole is no doubt derivable. 
The nitroso-, nitro-, and bcnzcne-azo-pyrroles are possibly referable to 
the desmotropic Formulae II. and III. 

The position of the substituents in the me thine groups of pyrrole 
is indicated, as in furan and thiophen, by numbers 2, 3, 4, 5, 
or letters a, Derivatives in which the miido-hydrogen 

atom is replaced arc distinguished as iV - derivatives, from the 
C-derivatives. 

As the furan derivatives, on account of their relation to the 
hydrocarbons, so also the pyrroles and hydro-pyrroles possess physio- 
logical interest on account of their relation to albumen bodies, as 
exemplified by the formation of pyrrol derivatives from animal oil, 
glue, and the colouring matter of blood and leaves. They are also 
related to some alkaloids, such as those of coca and nicotine. 

V, Pyrrole, boiling at 131®, with sp. gr. 0'9752 (i2'5®), received its name 
from its property of imparting a fiery red {jrvpfm) colour to a pine 
shaving moistened with hydrochloric acid. It was first found in coal- 
tar and bone oil (Rungc, 1834; Anderson, 1858). It also is present 
in the distillation products of bituminous shales. 

Bone oil, freed from the strongly basic substances (chiefly pyridine 
bases), consists of nitriles of the fatty eicids, which are saponified upon 
boiling them with caustic potash, and in addition benzene hydro- 
jearbons, pyrrole and its homologucs. The pyrrole is contained in that 
portion of the oil boiling at Ii5'"-i30°, which is treated with metallic 
potassium, whereupon solid potassium-pyrrole separates. 

The oil obtained free from bone-glue by distillation is composed 
almost entirely of pyrrole compounds. 

Pyrrole can be obtained synthetically (i) by the distillation of 
ammonium saccharate or ipucate, or upon heating glycerol to 200®; 
(2) when acetylene and ammonia 'are conducted through tubes heated 
to redness: 2C2Ha + NH3 = C4H4NH -hHg; (3) from various acid iraides 
and lactams, which may also be regarded as keto-derivatives of hydro- 
pyrroles. Thus, succinimide is reduced to pyrrole when it is distilled 
with zinc dust (or sodium) : 



Succinimide and dichloromaldnimide, when heated with PC1 b» 
yield perchlorinated products, which, upon reduction, become tetra- 
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chlorpyrrole. The latter can be changed through tetraiodpyrrole into 
pyrrole: 

|-^C«CI,N- " 

CCl— COv Pcntathlorpyrrol CCl=:CCI\ ^ CI=CIv . CH=CH'v 

CCI— CO'^ CCl=CCl'^ ci—cr 

DicKlornialeIn- flepta-cliloridc Tetracblorpyvrol lodol 

imidc 


cii=cir 
Pyrrol. 


Pyrrole is also produced when pyroglutaminic acid (I. 559) is heated : 


CHa— CH- 


-COjll 


>NH 

CHj— CO 

Pyroglutaminic Acid. 


CH=CHs 
I >NH. 


Pyrrole is a colourless liquid with an odour resembling that of 
chloroform. It becomes brown on exposure to the air. It is but 
slightly solubleb in water, but dissolves very readily in alcohol and 
ether. It yields an indigo blue coloration with isatin and sulphuric 
acid, or with phenanthraquinone, etc. (B. 17 , 142, 1034; 19 , 106; 40 , 
2492). Chromic acid oxidizes p5n:role to maleinimide (C. 1904, 11 . 
305). Pyrrole is a very feeble base. It is dissolved very slowly in the 
cold by ilute acids, but is rapidly resinified by strong acids. When 
its solutions in dilute acids are heated, ammonia is disengaged, and 
an amorphous red powder of varying composition is precipitated. 
This is pyrrole red. 

The resinifying action of acids upon pynoles is probably due to 
polymerization changes (B. 26 , 1711). Thus, dry hydrochloric acid 
gas precipitates (C4H5N)3HC1 from the ethereal solution of pyrrole. 
This must be regarded as the salt of a polymeric tnpyrrole, (C4H5N)3. 
Crystalline tripyrrole is obtained by neutralizing the solution of pyrrole 
in dilute aqueous hydrochloric acid with ammonia, and then extracting 
with ether. Tripyrrole polymerizes further on standing, but when 
heated it breaks down into NH3, indole, and pyrrole, according to the 
following equation (B, 27 , 476) ; 


CH— CH-CH— CH—CH—CH 

II 1 1 1 I II 

CH CH— CH CH— CH CH 

\/ \/ \/ 


NH 


NH 


NH 


CH - CH—C— CH CH— CH 
T II II +11 II +NH3 

CH=CH~C CH CH CH 

\/ \/ 

NH NH 


<rhe transition of the pyrrole ring to that of pyridine is very remark- 
able. , 

/?-Chlorpyridine is formed upon heating potassium-pyirole, or pyrrole 
and sodium alcoholate, with chloroform: 



CH=CCl . CH 

NK+CHCJ, = r II +KC1+HC1. 

CH=CH— N 

Bromo'pyridine. 


^SlsiUarly, bromoform yields /8-brompyridine and methylme 
id^e. The homologous alkyl p 3 m:oles, when heated alone to higher 
temperatures, also form pyridine derivativ4b. 
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It is probable that dichloro-methylpyrroles, (C4H3N)CHCl2, occur 
as intermediate products, which, under the conditions of reaction, 
pass into chloropyridines. This is supported by the fact that, in some 
cases, pyrrole aldehydes are obtained (C. 1910, 1 . 654), thus resembling 
the action of chloroform and alkali upon phenols. A similar migration 
of the pyrrol nucleus into the pyridin nucleus takes place in conducting 
the vapours of N-alkyl- and a-alkyl pyrroles through incandescent 
tubeg; here, also, the C-atom, newly entering the ring, takes up the 
wt-position towards the N-atom. N-methylpyrrole yields pyridine, and 
N-benzylpyrrolc, /?-phenylpyridine (B. 38 , 1946). 


CH=CH\ 

ch-ch/ 


N.CHAH5- 




CH=.C(CJl5).CH 
CH=^CH N 


'Z AT-Derivatives of Pyrrole. — Potassium dissolves in pyrrole with an 
energetic evolution of hydrogen. It forms Potassium-pyrrole, 
CH-CH. 

C4H4NK= I ^NK, a crystalline mass. This compound may also 
CH 

be obtained by boiling pyrrole with solid caustic potash. Water 
regenerates pyrrole and caustic potash. Sodium does not act like 
potassium. 

A series of N-derivatives of pyrrole maybe prepared from potassium- 
pyrrole. They are characterized by the fact that they change, on 
heating, to C-derivatives. This is analogous to the formation of homo- 
logous anilines from the alkyl anilines : 

Alkyl iodides yield AT-Alkylpyrroles, C4H4: NR, which can be 
directly formed if in the pyrrole syntheses primary amines be substi- 
tuted for ammonia, and also in the distillation of the alkylamine salts 
of mucic acid, etc. 

iV-Methylpyrrole boils at 113®. AT-Ethylpyrrole boils at 131®. 
iV-7soamylpyrrole boils at i8o®-i84®. 

JV-Phenylpyrrole, from Siniline mucate, melts at 62®. 
iV,^-Pyridylp3aT0le, C4H4N.C5H4N, boiling at 251®, is obtained from 
/?-amino-pyridine mucate (B. 28 , 1907). 

• With acetyl chloride the product is: iV-Acetylpyrrole, C4H4N.CO.- 
CHg, boiling at 178®. It is also produced (together with pyrryl methyl 
ketone) upon heating pyrrole with acetic anhydride. 

Phosgene converts potassium -pyrrole into iy-carbonylpyrrole, 

melting at 63® and distilling at 238®. When heated, it 

, * * C H NH 

is converted into isomeric dipyrryl ketone, 

AT-Pyrrolecarbozylic ester, C4H4NXO2.C2H6, is formed when chlor- 
carbonic ester acts upon potassium-pyrrole. It is an oil boiling at 180®. 
It passes into pyrryl carbamide, C4H4N.CO.NH2, if it is heated with 
aqueous ammonia. 

iV*Oyano-pyrrole, C4H4N.CN, is produced in the action of cj^anogen 
chloride upon potassium-pyrrole. It rapidly polymerizes to a melamine 
derivative. 

With benzoyl chloride, iV-benzoylpyrrole is formed, C4H4 : N.- 
COC3H5, b.p. 276®. It is converted by heating into a-pyrryl-phenyl 
ketone. * 
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With Si-tetrachloride, silico-tetrapyrrole» Si(NC4H4)4, is formed, 
colourless prisms, m.p. 173° (C. 1909, I. 1637). 

Like aniline, pyrrole also reacts with methyl magnesium iodide, 
with production of methane and formation of a pyrryl magnesium 
iodidCt (C4H4N)MgI, in which the Mg seems to be attached to the 
tt-carbon atom, since with COg it 5delds a-pyrrolecarboxylic acid; with 
acid chlorides, a-pyrryl ketone; and with oxalyl chloride, aa-dipyrroyl 
(B. 43 , 1012; C. 1911, 1 . 1548). 

N-^m 7 mo-derivatives of the pyrroles, C4R4N . NHCgHg, have been 
synthetically obtained from 1,4-diketo compounds and phenylhydrazine 
(compare A. 289 , 312). 

C-Derivatives ol Pyrrole. — i. C-Alkylpyrroles, homologous pyrroles, 
occur in bone oil. They are artificially produced: 

(а) On conducting the vapours of pyrrole and iilcohols over zinc dust. 

(б) Upon heating pyrrole or potassium-pyrrole with alkyl iodides. 
iV-Alkylpyrroles result at first, but they immediately change to C-alkyl 
pyrroles. • 

(c) By splitting off carbon dioxide from the homologous pyrrole 
carboxylic acids. 

[d) By direct synthesis from y-diketones — e.g., acetonyl acetone, 
etc. — upon heating with ammonia. 

{e) On conducting N-alkylpyrroles through incandescent tulus 
(B. 37 , 2792). 

We must note the synthesis of ^/?i-dimethyl-aa^-diethylpyrrole oji 
heating bis-diethyl azimethylene (diethyl ketiizine, compare Vol. 1 .) 
with ZnClg (B. 43 , 493) 

CH3.CH2 CH3.CH3 C.CH, 

I I 11 II 

Calls . C : N . N : C . ^ ' CJig, . C . N 1 1 . C . CaHs . 

This reaction is analogous to Fischer’s indole synthesis. 

Behaviour. — The C-alkylpyrrole^s yield the corresponding pyrrole 
carboxylic acids when they are fused with caustic potash, while acid 
oxidizers give imides of the maleic acid series or their monoximes 
(C. 1903, I. 838; B. 42 , 4964). Like pyrrole itself, they are readily 
resinified by acids. Gaseous hydrogen chloride precipitates com- 
pounds like [C4H3(CH3)NH]2HC1, [C4H2(CH3)2NH]2HC1, from the 
ethereal solutions of the mono- and a,j 5 -dialkylpyrroles. In aqueous 
solution dilute sulphuric acid changes these salts, with the elimination 
of ammonia, into alkylindoles. The reaction completes itself by the 
assumption of a structure for polymeric alkyl pyrroles similar to that 
attributed to tripyrrole (B. 24 , 2562; 26 , 1711): 

CHa . C— CH— HC— CCHa CH, , C = CH— C-^CCHa 

II I I II = I II II +NHa. 

CHj.C CH— HC CCHa CHa.C=CH— C CCHj 

V V V 

NH NH NH 

Tetramethyle Dipyrrole Tetramethyl Indole. 

a-Metiiylityrrole boils at 148°, while the /^-variety boils at 143°. 

a,/)-lMmethylpyixolo boils at 165°. These three have been obtained 
from bone oil. a,a,>lHmethyIpyinde, boiling at 165°, and 
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PSrrrole* boiling at 160°, have been prepared from their dicarboxylic 
acids. 

aa^-Dimethylpyrrole is split up by the action of nitrous acid to the 
dioxime of dimethyltetraketone:* CH3CO.C(NOH).C(NOH).COCH3; 
while a/ 9 i“dinlethylpyrrole is oxidized by chromic or nitrous acid to 
citraconimide or its monoxime (C. 1903, I. 838; B. 42 , 4694). 

a-EthylpyrroIe, boiling at 165°, and a-uoPropylpyrrole, boiling at 
produced in the action of aldehyde or acetone and zinc 
chloride upon pyrrole. See B. 30 , 434, for a.a^-Methybsopropylpyrrole. 

«^aii 5 -Trimethyl-pyrrole, b.p. 180°, from its carboxylic acid (B. 38 , 
1130)- /?,i 5 i-Dimethyl-a,aj-dietliyl-p 3 rrrole, b.p.gg 134° (see above). 

Y H^mopyrrole, a,fti-Dimethyl-f^-ethylpyrrole(}) 

b.p. 198°, is a very important compound in biochemistry. It is 
formed l^esidcs an isomeric dimethylethylpyrrole (isohcemopyrrole) and 
the so-called phyllopyrrole, a trimethylpyrrole, by reduction from 
Hcemin (Nencki and Zaleski, B. 34 , 997), or better, from Hcemaio- 
porphyrin, two disintegration products of hccmoglobin (A. 366 , 250), 
and from various derivatives of chlorophyll (A. 385 , 188) ; it is also 
forrned by reduction from Bilirubin, a bile dye (C. 1905, I. 1254). 
During oxidation with nitrous acid, haemo-p3nrrole eliminates the 
methyl group standing in the a-position, and forms methyl-ethyl- 
malein-iinide or its monoxime (B. 42 , 4693). By recently elaborated 
sjmthesis of ti^^i-dimethyl-Z^-ethylpyrrole, which is identical neither 
with haemopyrr ole nor with isohaemopyrrole, the constitution of hsemo- 
pyrrole and its connections has again become uncertain (B. 44 , 3707). 

ti-Phenylpyrrole, melting at 129® and boiling at 272°, is formed by 
the rearrangement of iV-phenylpyrrole upon the application of hdat 
(B. 28 , 1905). 

a,a^-Methylphenylpyrrole melts at 101°. 

Tetraphenylpyrrole, from aa^ - dibenzoyldibenzyl with ammonia, 
melts at 211° (B. 22 , 553). 

melting at 72°, is formed by the rearrangement 
of iV,/f-pyridylpyrrole. The methyl iodide of its IV-methyl ether 
appears to be identical with nicotyrine iodmethylate obtained from 
nicotine [q.v) (B. 28 , 1912). 

With aromatic aldehydes the lovrer pyrroles react very violently, 
with resinification and dye formation; the higher ones partly give 
ArCH(Pyrr)2 (B. 35 , 1647). 

/ 2. Halogen Substitution Products. — ^The halogens react very ener- 
getically with the pyrrole compounds. To prevent the formation of 
tar it is necessary to operate with very dilute solutions. Even then, 
as a rule, a,ll the available hydrogen atoms of the pyrrole nucleus will 
be immediately replaced. Chlorine and bromine oxidize pyrrole in 
alkaline solution at once, and convert it into dichlor- or dibrom-malein- 
imides. 

In the action of sulphuryl chloride, SO2CI3 (i, 2, and 3 mol.) upon 
ether solution of pyrrole, a-mono-, aa^-di-, and aa^/J-trichloro-pyrroles 
are first formed as very unstable liquids ; with 4 mol. SOgClg tetrachloro- 
pyrrqje is formed, and further action also replaces the fifth H-atom ; 
pentachloropyrrole is formed, which was also obtained from succin- 
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imide and dicMoro-malelnimide with PClj, and yields dichloro-malein- 
imide again on boiling with water. Pentachloropyrrole therefore has 
c Cl— c CL 

the formula II \n, and is ‘derivable from the desmotropic 

Formula II. (A. 296 , 82; C. 1902, II. 522, 901). 

Tetrachlorpyrrole, C4CI4NH, melting with decomposition at no®, is 
also obtained by the reduction of the product resulting from the action 
of PCI5 upon succinimide and dichlormaleinimide — the so-callcd pyrrole 
pentachloride, C4CISN, and the heptachloride, C4CI7N (I. 463). It de- 
composes very rapidly spontaneously, and cannot be directly converted 
into pyrrole by a reverse substitution. Potassium iodide converts it 
into iodoj (B. 19 , 3027). 

tt-Chloro-aii 9 /!^i-tribromopyrrole, C4ClBr3NH, m.p. 96®-ioo®, and 
aa^-dichloro-^Pi-dibromop3nTole, CiClgBrgNH, m.p. 100®, from pyrrole 
by successive action of SOgClg and Br; their N-methyl compounds, 
m.p. 120® and 126®, give on oxidation with HNO3, dibromo-maleic 
methyl imide, which settles their constitution as well as that of chloro- 
pyrrole (C. 1905, II. 828). aft^^-Trichloro-/?-bromo pyrrole (see C. 1904, 
II. 994). Tetrabromopyrrole (compare C. 1901, I. 1323). 

f^ql, Tetraiodopyrrole, C4I4NH, melting at 104® with decomposi- 
tion, crystallizes in yellowish-brown needles. It is best made by the 
action of iodine upon pyrrole in the presence of alkalies. It is odourless. 
It is applied as an antiseptic, having the same action as iodoform 
(B. 20 , R. 220). 

3. Nitroso- and Nitro-pyrroles. — Since pyrrole and its homologues 
are easily resinified by acids, these compounds can only be obtained 
indirectly, and are easily decomposed. Under the action of amyl 
nitrite and Na ethylate, pyrrole and its homologues with a free 
CH group in the ^-position give Na salts of /?-fso-nitroso-pyrroles, 

XII— C : NONa 

» derivable from the desmotropic Formula III. of 

^CH =CH 
pyrrole. 

Sodium tsonitrosopyrrole, (C4H,N) : NONa, and aa^-sodium 
dimethyl fsonitrosopyrrole (see C. 1901, II. 778; 1902, II. 704; 1904,1. 
1150; 1905, II. 626). 

Nitropyrrole, (C4H4N)N02, light yellow rhombohedra, m.p. 63°. Its 
sodium salt, (C4H,N) ; NOONa (?), is obtained ffom p5U'role and 
ethyl nitrate. Nitro-a^i-dimethylpynole, m.p. iii° (C. 1911, I. 
1420). 

Dinitropyirole, C4H2(N02)2H2NH, melting at 152°, is obtained 
from pyrryl methyl ketone. Dinitrodibromopyrrole, C4Brj(N02)2NH, 
is formed from dibromop5U’role dicarboxylic acid. It decomposes very 
readily with liberation of NO into dibrommaleinimide: 

CBr=C(NO.K CBr— COv 

I >NH = || >NH+2N0. 

CBr=C(NO,)/ CBr— C(y 

Nitrotriiodopyirol^ C(N02)l3NH, and dinitrodiiodopyii^e, gold- 
3rellow needles forming salts with alkalies, from iodol with fuming 
HNO, in acetic acid (C. 1901. 1. 946). * 
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4. Amino- and Diazo-py notes, — Hitherto only the /i-amino-aaj- 
diphenyl- and aa^/J^-triphenyl-pyrroles, m.p. 188° and 184°, have been 
prepared. With HNOg they yield stable red-brown diazo-pyrroles, 
m.p. L23° and 159° (C. 1905, II. 906). 

5. Pynole-azo-compounds. — Azo- and Disazo-compounds, perfectly 
antilogous to the benzene azo-dyes, result from the interaction of 
benzene diazo-salts and pyrrole or homologous pyrroles. One and two 
molecules of the diazo-bodies enter the reaction (B. 19 , 2251): 


(C4H3N11)N : NCaHg and 
Pyiroleazobcn^cne. 


N • NT. 


5 

6 


I 6. Pyrrole Aldehydes, — a.Pyrrolealdehyde (CjH^NHjCHO, m.p. 45°, 
has been obtained by the action of chloroform and aqueous potash 
upon pyrrole. Oxime, m.p. 164°; phenyl hydrazone, m.p. 139°. Passes 
into ci-pyrrolecarboxylic acid on oxidation (B. 33 , 53b). aa^-Dimethyl- 
/I-pyrrolealdehyde, (C4HoN)(CH3)2CHO, m.p. 144'' (C. 1910, I. 654). 

7. Pyrrole Ketones, — These (together with the isomeric A^-acetyl 
pyrroles) are produced by heating the pyrroles with acetic anhydride, 
and arc also prepared by a molccnlar rearrangement of the A^-acetyl 
pyrroles on being heated. 

Potassium permanganate oxidizes the C-acetyl pyrroles to pyrrole- 
glyoxylic acids, which molten caustic potash converts into pyrrolecar- 
boxylic acids. The former condense with benzaldehyde to cinnamoyl- 
pyrroles — e.g., C4H3NlI.CO.CH : CHC3H5. The latter serve to 
characterize the acyl pyrroles. 

a-Pyrryl methyl ketone, C4H3(CO.CH3)NH, melts at 90° and boils 
about 220°. Its oxime melts at 146''. Potassium permanganate 
oxidizes it to pyrrylglyoxylic acid, CiH3(NH) . CO . CO.^!!, melting at 15°. 

a-Pyrryl ethyl ketone, C4H3NH.COC.3H3, m.p". 112°. a-Pyrryl 
phenyl ketone, C4H3NH.COC3H3, m.p. 78'". 

Pyrryl dimethyl diketone, C4H2(CO.CH3)2NH, melts at 162°. 
Potassium permanganate oxidizes it to pyrrole carboxylicglyoxylic 
acid, C4H2NH(C00H)C0.C00H. 

•Dipyrryl ketone, CO(C4H3.NH)2, melting at 100°, is formed, 
together with A^-Pyrroylpyrrole, C4H4N.CO.C4H3NH, melting at 63®, 
upon heating A^-carbonylpyrrole. 

aa-Dipyrroyl, NHC4H3.CO.CO.C4H3NH, yellow crystals, m.p. 200°, 
from pyrryl magnesium iodide and oxalyl chloride. 

4 8. Pyrrole Carboxylic Acids, — These resemble the phenol carboxylic 
acids, apd are produced by perfectly similar methods : 

(1) By the oxidation of the homologous pyrroles when fused with 
caustic potash. 

(2) By the action of carbon dioxide upon the potassium derivatives 
of the pyrroles: 

C4H4NK +C0,=C4H8(NH) . COjjK. 


(3) By the action of carbon tetrachloride and alcoholic potash upon 
pyrrole. 

(4) The esters of the homologous pyrrole carboxylic acids may be 
synthesized by the action erf alcoholic ammonia upon y-diketocar- 

VOL. lU, D 
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boxylic and dicarboxylic esters. The ammonia can be replaced by 
primary amines, amino-acids, hydroxylamines, phenyl-hydrazine 
(R = H, CH3, OH, NHCfiHg, CH^COOH, etc.): 


CaHgO . CO . CH— COCHa 
CaHjO . CO .in— COCHj 


NHoR Cal 1 5O . CO . C = C CH3 

C2H5O . CO . C -- C CH3 


(5) By the reduction of a mixture of isonitrosoacetoacetic est^r with 
acetoacetic ester (similar reactions: B. 26 , R. 597; 27 , R. 586): 


CH3CO H CH3CO CHjCOaR. ^ CH3C CCOgR. 

KO.CO.C : NOH RO.Cd.CHNHa COCH, RO.CO.C . Nil . CCII3 


According to this method, numerous pyrrolecarboxylic acids and 
their pyrrole derivatives have been formed — e.g., from isc;nitroso- 
acetonedicarboxylic ester and acetoncdicarboxylic ester: Pyrrole-a/:^i- 
diacetic-a^/^-dicarboxylic ester; from zsonitroso- (or amino-) acetophe- 
none and aceto-acetic ester: a/^^-Methylphenylpyrrole-i^-carboxylic 
ester; from tsoiiitroso- (or amino-) acetophenone and acetone dicar- 
boxylic ester: jS^-Phenylpyrrole-a^-acetic-carboxylic ester; from iso^ 
nitrosoacetyl ace tone and acctylacetonc : ft/ii-Dimethyl-a^j5-diacetyl- 
pyrrole; from isonitrosodesoxybenzoin and acetoacetic ester: 
Met^ldiphenylpyrrole-/?-carboxylic ester, etc. (B. 35, 2998). 

(56) Similar to this method is the formation of pyrrolecarboxylic 
acids from ^-aminocrotonic acid with a-ketols, or with a-diketones and 
a reducing agent : 

ROXO.CH COCoHs ^ KO.CO.C CC^irs 

ClIaCNHa''" CH(OH)C3H3 CII3C . Nil . CC3II3' 

from the condensation products of aminocrotonic ester with diketo- 
succinic ester we obtain by reduction with zinc dust a-metbylpyrrole- 
tricarboxylic ester (B. 35, 1545 ). 

In the formation of pyrrolecarboxylic esters by condensation of 
a-cliloroketones, acetoacetic ester, and ammonia (B. 23 , 1474), fi- 
aminocrotonic ester also seems to occur as an intermediate product, 
and to react with the a-chloroketones in a manner similar to the*a- 
ketols (B. 38 , 1125; compare also B. 44 , 493). 

The pyrrolecarboxylic acids readily part with carbon dioxide upon 
the application of heat, and yield the corresponding pyrroles. 

a.P 3 nirolecarboxylic acid, C4H3NH.COOH, melting with decom- 
position at 192°, is obtained in the form of its amide, melting at 176°, 
together with pyrrole when ammonium mucate is heated. 

Hydrazide, m.p. 232®; azide, C4H3NH.CON3, is transformed by 
boiling with alcohol into a-pyrrylurethane, (C4B[3NH)NH.C02C2H5, 
m.p. 56°, which, like the urethanes of amino-furan and -thiophen 
cannot be saponified to pyrryl amine (C. 1902, I. 1229). 

A cyclic double acid amide of a-pyrrolecarboxylic acid is Pyrocoll, 

CO<^^^>CO. melting at 268°. It is produced in the distilla- 
tion of gelatin (KoAXa), and is artificially prepared by heating 
pyrrolecarboxylic acid with acetic anhydride. When it is heated with 
PPsi percUorpyrocoU, CioCl^N^Oa, is pfoduced. The latter absorbs 
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eight additional chlorine atoms, and passes into the chloride, 
(C4Cl7NCO)2, which becomes tctrachlorpyrrole upon reduction (p. 32). 

/S-Pyrroleoarboxylic acid, melting at i6a°, is obtained by fusing 
metbylpyrrole with caustic potash. 

Methylpyirolecarbozylic acids, C4H2(CH3)NH.COOH. The o-acid 
nfelts at 169*; the ^-acid at 142°. u,<i^.Dimethylpycrole>/i-carbozylic 
acid, €411(0113)2. NH.COOH, melts at 118“. Its ester is derived 
from the corresponding dicarboxylic esters by the removal of carbon 
dioxide. 

a,a^-Diphenylpsrrrolecarboxylic acid,C4lI(C3N5)2NH.COOH, melting 
at 261°, is obtained from phcnacylbcnzoylacctic ester, CgHj.CO.- 
CH(C02R)CH2-C0.CgH5 (p. 636). a.ai-Pyrrolcdicarboxylic acid, 

C4H2NH(C00H)2, from carl;oxypyrrylglyoxylic acid (p. 33), decom- 
poses at 200° into carbon dioxide and pyrrole. 

n-Phenylpyrrolc-a-mono- arid aai-dicarboxylic acids arc formed on 
heating aniline mucate, and easily split off CO2 (B. 35 , 2529). 

rt,«4-Dimethyl-/?,^4-pyrroledicarboxylic acid, C4(CHJ)2NH{C00H)2, 
from diacetosuccinic ester, breaks down at 251° into aCO, and 
dimethylpyrrole. tt,/84-Dimethyl-^,ai-pyrroledicarboxylic acid, from 
acetoacetic ester with isonitrosoacctoacetic ester, decomposes at 197° 
into 2CO2 and <i,/?j-dimcthylpyrrolc. f‘“4-Diphenyl-/f/j’4-pyrroIedi- 
carbozylic ester, melting at 152", is produced when ammonia acts upon 
dibenzoylsuccinic ester (A. 293 , 107). 

'tOi-Methyl- and <»<ti-phenylpyrryl propionic acid and au^.pyrryl 
dipropionic acid, from the fission product of furfural condensation 
products, acetonyl- and phenacyl-lx*vulinic arid and di-hevulinic acid 
with NH3 (B. 35 , 2009). 

Phonopyrrolecarboxylic acid, Ilccmopyrrolccarboxylic acid, ap-Di 
methylpyrryl-fii-propionic acid 

needles, very easily oxidized, ni.p. 125'". On treatnicjit with ITNOo 
it passes into the imidc of the tribasic Juematime acid (Vol. I.) or its 
monoxime (A. 366 , 255; 377 , 316.) 

Pyrrolene-phthalide, co <^5^* >c >c >co, is pro- 
duced when phthalic anhydride and pyrrole arc heated together 
(B. 19 , 2201). Its formula is probably analogous to that of 
pyrocoll. 

Hydropyrrole Derivatives.— When pyrrole is reduced (zinc dust and 
acetic acid) two hydrogen atoms are added and dihydropyrrole or 
pyrroline, C4H7N, is produced. Further addition of hydrogen (by 
means of HI and phosphorus) leads to tetrahydropyrrole or pyrrolidine, 
C4H9N. The latter is formed direct by reduction of pyrrol with H and 
finely divided Ni (C. 1906, I. 1436). The nature of pyrrole is very 
essentially altered by this addition of hydrogen. Whereas pyrrole is a 
very feeble base, pyrroline* and pyrrolidine, to even a greater degree, 
manifest the strong basic properties of the secondary amines of the 
aliphatic series. 

The addition of hydrogen probably occurs in the aa^- or 2 : 5-position 
in the transformation of pyrroles into p3a*rolines, similarly to other 
substances with conjugate ^hylene linkages (B. 84 , 3954). 
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^\'^-DihydYOpyYYoles have been obtained synthetically from the 
unstable y-aminoketones and y-bromoketones with NHg and primary 


amines: 


NH 




- ^ Cll = 0(0113)-^ 


' They are only distinguished from the 2:5-dihydropyrrolcs obtained 
in the reduction of pyrroles by the fact that they easily resinify in air, 
and are reduced to the corresponding pyrrolidines by tin and HCl alone. 
By treatment witli benzoyl chloride and soda the 2 :3-dihydropyrroles 
are easily split to y-bcnzoylaminoketones. This splitting is especially 
easy in the case of the A^-arylatcd-2:3-dihydiopyrroles, which are 
only stable in the form of their salts (J. pr. Ch. [2j, 75, 329). 

CJI =CIlv 

Pyrroline, 1 >NH, is a liquid that dissolves readily in 

ch^—qh/ 

water and boils at 91°. It has an alkdine reaction, smells like am- 
monia, and unites with acids to foim salts. It is a secondary base. 
Nitrous acid converts it into a nilYosaminc, C4llgN(N0), melting at 38°. 

Pyrroline and methyl iodide unite to dimethyl-p\rrolinium iodide, 

C4H,N(CH3),1. 

iV-Methylpyrroline, QH^N.CIlj, is formed by the reduction of 
methylpyrrole. It boils at 80®. 

Pyrrolidine, Tetramethylene-imine, I /NH, as well as its 

homologucs, have already been described in connection with the 
aliphatic bodies. In addition to the methods then' given for its pro- 
duction, another may be introduced at this point. It represents a 
transition of the six-membered piperidine ring into the fivc-mcrnbered 
pyrrolidine ring. Piperidine or pentamethylene-immc combines with 
alkyl iodides, forming dimethyl-pipcridinium iodide, the hydroxide of 
which, upon distillation, changes to a compound with an open chain, 

pentenyldimdhylamine. The hydrochloride of the latter readily 
rearranges itself into the niethochloridc of A^,a-dimethylpyrrolidine: 


CHa— CHj— N(CH3),0H CHa— GH j— N lCila)* CHa-CHa -N(( H3)a 

I I -^1 ->l 

CHa— CITa— CHj CHa~CH-CHa CH,— CHCKCIIg 


CHa— CH, V 

lua— CH(CH3)/ 


N(CH8)aCl» 


Other unsaturated amines analogous in constitution to A®-pentenyl- 
dimethylamine can be changed by HCl to pyrrolidine bases (Merling, 
A. 264, 310; 278, i ; compare B. 33, 365). In a manner resembling the 
above conversion of piperidine, pyrrolidine is broken up by treatment 
with methyl iodide and distillation of the resulting dimethyl pyrroli- 
dinium iodide with caustic potash. This gives Ar-butenyldimethyl- 
amine and the methiodide of the latter, distilled with potash, gives 
trimethylamine and an unsaturated hydrocarbon, the so-called 
pjmrolylene, (B. 19, 569). Similarly, j$-methylpyrrolidine (see 
Vol. I.) has been broken down to )3-methyl divinyl or isoprene (C. 
1898, I. 247) ; A'-benzoyl pyrrolidine, b-p.^^ 191°, is split up by PClg or 
PBr5 to aS-dichloro- and a5-dibromobutane respectively (B. 89, 1419) : 


(CHa)4N.COC3H. > {CHa)4N.CCl3C4H3. 


->Cl(CH3)4a+NC.CeH5, 
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Compare the action of PCI5 upon dimethylbenzamide; also 
piperidine. 

a-Methylpyrrolidine, b.p. 95°, from y-amino-valerolactam by 
reduction with sodium and amyraJcohol, and from y-methyhdihydro- 
pyrrole with tin and HCl. On heating with zinc dust it yields a-methyl 
pyrrole (C. 1904, I. 42, 292). a^j-Dimethylpyrrolidine, b.p. 
aa,iV-trimethylpyrroli^ne, b.p. 109^-113° (B. 34 , 3498). AT-Methyl 
pyrrolidine, (CH.2)4NCH3, b.p. 79°, has been obtained from methyl-w- 
butylamine: CHg.CHg.CHg.CH.^NHCHg by successive bromination 
with sodium hypobromite and splitting off of HBr by 'means of con- 
centrated H2SO4 (B. 42 , 3427; 43 , 2035). It is also formed by the 
breaking up of the alkaloid nicotine [q-v), an a,2-pyridyl-Ar-methyl 
pyrrolidine, with silver oxide (B. 38 , 1951), and by heating liygrinic acid 
(see below). 

CH.,— CH(COOH)— V 

' Proline, Pyrrolidine -a -carboxylic acid, I ^nh. 

' CIT2 — CHg-* / 

m‘.p. 203° (see Vol. I.), is found in its hevo-rotatory form among the 
hydrolytic decomposition products of numerous proteins — e.g., casein 
(C. 1904; I. 293) and gelatin (B. 37 , 3071). Synthetically, f-proline^ 
whose w-nitrobenzoyl compound has been split up into its optically 
active components by means of cinchonine (B. 42 , 2992), has been 
obtained from a, 5 -dibromo-propylmaIonic ester, BrClI^CHgCHg. 
CBr(C02R)2, with ammonia and subsequent saponification with HCl 
or baryta-water (A. 326 , 91); also from < 5 -bromo-fi-amino-valcrianic 
acid, the fission product of bromo-propyl-phth^ilimido-malonic ester 
(C. 1908, II. 806); and from 5 -bcnzoyl-amino-a-bromovalerianic acid 
(B. 42 , 1022). We may note the conver.sion of p3To-glutaminic acid 
pyrrolidonc-a-carboxylic acid, Vol. I.) into proline reduction of its 
ester with Na and alcohol (B. 44 , 1332). A dipeptide (also obtained 

I \ 

syntheti cally) — viz. , /-prolyl-/-phenyl-alanine, NH . CH2 . CH2 . CH . - 
C0NHCH(C02H)CH2Cp,H5 — has been found among the hydrolytic 
fission products of gliadin (B. 42 , 4752). An oxyproline, C5H9O3N, 
which on reduction with HI and P passes into proline, is found besides 
proline in the hydrolysis of numerous proteins (B. 41 , 1726). 

V-Methyl-pyrrolidine-'i-carboxylic acid, hygrinic acid, m.p. 169°, is 
obtained by oxidizing hygrin, the alkaloid found in coca leaves; 
synthetically, it is formed similarly to proline (see above) from 
ttS-dibromopropylmalonic ester with methylamine (A. 326 , 91). 
Heat decomposes it into COo and AT-mcthylpyrrolidine (see above). 
The methyl betaine of hygrinic acid is stachhydrine, 

I \N(CH3)2/' , which has been isolated from the bulbs of 

CH 2' " CH 2' 

Stachys tuberifera and from the leaves of dims aurantium (B. 42 , 

4654)- 

iV-Methylpyrrolidine-aai-dicarbozylic acid, m.p. 274° with dec., 
from aa'-dibromoadipinic ester with methylamine (B. 35 , 2065). • 

fV-Methylpyrrolidine-ani-acetic-carbozylic acid is identical with the 
tropinic acid formed by the oxidation of tropine and eegonint (B. 31 , 
1534; 82 , 1290). • 
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aaj-Tetramethylpyrrolidine-/5-carboxylic acid, 

m.p. 220° with dec. The amide of this acid is formed from tetra- 
methylpyrrolinecarboxylic amide reduction with sodium amalgam. 
With KOBr the amide yields /9-aiuinotetramethylpyrrolidine, b.p. i74''» 
a strong di-acid base. On splitting the ring by means of CH3I the 
amide yields the open chain compound, I(CH3)3N .C(CH3)2CH2- 
C{C0NH2):C(CH3)2; the free acid, even on heating only, splits off 
CO, and opens the ring, forming the compound, H2N.C(CH3)2.CH2- 
.CH: C(CH3)2 (B. 36, 3351). 

. The lactams of the y-amino-acids, like butyrolactam, a-PyrrO- 
lidone, must be regarded as a-keto-pyrrolidines. 

These have already been described in Vol. I. 

A jS-keto-pyrrolidine is found in tetramethyl-/?-ketopyrrolidine, 

^-P* obtained from tetramethyl-)5-pyrroline 

carboxylic acid with Br and alkali, and shown to be a lower ring 
homologuc of triacetoneamine. It has a decidedly basic character; 
its oxime, m.p. 172°, reduces to /?-aminotetramethylpyrrolidine 
(A, 322, 77). 

aa^-Diketopyrrolidines are found in the imides of the succinic 
series, like succinimide 

a,/?-Diketopyrrolidines are produced by the reduction of the (i/i- 
diketopyrrolines with Zn dust and acetic acid; also in the condensa- 
tion of oxalacetic ester with aldehydes and ammonia or primary 
amines ~e.g., <x,/5-diketo-ai-phenyl-/?i-pyrrolidine carboxylic ester, 

/CO CO 

'™<ci.(C..i.,-c!h(C0.r,’ (»■ 30. C- IW. n. 

CO — 

1787). Xanthoxalanil, 1 (H. 24, 1252), the anil of 

CII2 — co^ 

oxalacetic acid, is a triketo-pyrrolidine. 


CONDENSED NUCLEI OF THE FURAN, THIOPHEN, AND 
PYRROLE GROUPS. 

When two adjacent C-atoms of a furan, thiophen, or pyrrole 
nucleus participate in the formation of a benzene, naphthalene, etc., 
group, condensed nuclei result, which bear the same relations to the 
simple heterocyclic rings that the condensed nuclei of the naphthalene, 
phenanthreno, and anthracene groups bear to benzene. 

The following condensed nuclei are derived from furan, thio- 
phen, and pyrrole: 
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Dibenzofuian, Dibenzothiophcn, Dibenzopyrrole, Diphenylenimine , 

Diphenylene oxidr. Diphenylcnc sulphide. Carbazole. 

Condensed nuclei further are known in which two heterocyclic 
rings ^so participate in the formation of a benzene nucleus — e.g., 
benzodifuran and benzodipyrrole derivatives. 

Coumarone and indole should be especially mentioned as the parent 
substances of important groups. Indole is the^ mother substance of 
indigo. These two bodies will be considered together with benzo- 
thiophen. Next will follow the groups of dibenzo-compounds: 
diphenylene oxide, diphenylene sulphide, and carbazole. 


5. BENZOFURAN OR COUMARONE GROUP. 


The coumarone compounds, as their name would imply, are pro- 
duced: 

(i) By the action of alcoholic potash upon coumarin dibromides or 
a-brom-coumarins (Fittig, A. 216, 162) : 


/CH.CBr 
CoH^ 1 
^--O.CO 
a-I3romocoiiraarin. 


CJI,< >C.CO.H 
\ O ^ 

Coumanlu’ Acid. 


(P) 

>CH(a) 

Coumarone. 


Other coumarins react similarly —c.g., umbelliferone, sesculetin, 
and daphnetin. 

It is very certain that «-brom-o-hydroxycinnamic acid and its 
homologues occur as intermediate products. These split off HBr and 
form the coumarone ring. The formation of benzoylcoumarone, 


yCH 

Q .COCVIb, from o-acetoxybenzalacetophenone dibromidc 

and caustic potash, as well as by the condensation of salicylaldehyde 
and oj-l^romacetophenone by means of caustic potash, proceeds 
analogously (B. 29, 237, K. 290). 

(2) Other o-disubstitntion products of benzene combine to yield 
a coumarone ring. Caustic potash converts o>hydroxy-«“Chlorostyrene 
into coumarone (B. 26, R. 678): 




^CH-=CHC1 

\0H 


CH^ 


NcH 


(3) By heating o-aldchydo-phenoxy-acetic acid with sodium 
acetate, coumarilic acid results (B. 17 , 3000) : 


/CHO 

c,h/ 

ND.CH2.CO,li 



coon. 
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An analogous reaction is presented by the acetic-acid derivatives 
of o-hydroxyketones (B. 42 , 901). 

(4) The synthesis of hydroxyacctocoumarone, however, from fur- 
fural-laevulinic acid represents a benzene ring formation (B. 26 , 345) : 

XH— CH IIOXO— CII, XH— C[/3]--C(0?l)-=CH 

CH< It 1 >CHf II I 

X C— CH==CXOCH, X C[n]— CHr=CXOCHj 

Furfural-laevuliriic Acid. Hydroxyacctocoumarone, m.p. 

(5) The action of zinc chloride in glacial acetic acid upon phenoxy- 
acetaJ produces coumaronc: 




U 


0CH2.CH(0C2H5)2 


>CH. 

\ 0/ 


By this method numerous alkylated coumarones are obtained by 
condensation of the homologues of phenoxy-acetal and of phenoxy- 
acetone, Cp,H5.0.CH2C0CH3, and its homologues by means of sul- 
phuric acid (A. 312 , 237). 

(6) Just as the coumarins arc formed from phenol and malic acid 
or acetoacctic ester, so the coumarones are obtained from the sodium 
salts of the phenols with a-chloracetoacetic ester (Hantzsch, B, 19 , 
1291); 


.11 COXH, 

c„nZ .+ I 

\()Na CICTI.CO^R 

Sodium a-Chloiacelo- 

rJiciiate. acetic Ester. 


/CH, 

•>C.,lT.<(^^CXO,R 


^-Methylrounianlic 

Ester 


Resorcinol and two molecules of the ester ^aeld a henzodifuran, 
pyrogallol with three molecules of the ester lorm a bcnzoirifnran, 
while a naphthofuran is obtained from naphthol. 

A perfectly similar reaction is noticeable in the production of 
coumarone and benzodifuran derivatives from quinones and 
chlorinated quinones — e.g., chloranil, when heated with acetoacctic 
ester (J. pr. Ch. [2], 45 , 67; A. 283 , 245). 

Coumarone, CgHgO, boiling at 177°, is formed by distilling coumarilic 
acid with lime. It is obtained from o-hydroxy-w-clilorstyrene; from 
phenoxylacetal with zinc chloride (B. 30 , 1703), as well as from coal- 
tar, which also yields several methylcoumarones (B. 33 , 3014; C. 1907, 
I. 1426). 

Coumarone polymerizes easily, especially under the influence of 
concentrated sulphuric acid, to so-called coumarone resins, which 
regenerate coumarone on dry distillation, with partial carbonization 
and formation of phenol. Similar behaviour is shown by the homo- 
logous coumarones (B. 33 , 2257, 30 i 3 )- Heating with alcoholic potash 
to 200° splits up coumarone, forming o-ethylphenol and e-hydroxy- 
styrene, as well as o-hydroxyphenyl acetic acid and o-hydroxyphenyl- 
ethyl alcohol, and its anhydride, hydrocoumarone (B. 34 , 1806; 
85 , 1630). 

With chlorine and bromine, coumarone gives dihalogen addition 
products, CgHgXgO, the dibromidc melting at 86°. They easily pass 
into monochloro- and monobromo-cotimarone. The monochloro- 
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coumarone is probably a mixture of a- and / 3 -chlorocoumarone, since on 
heating with alcoholic alkali to i8o°-i90° it yields, among other 

products, /?-kcto-dihydro-coumarone, c,ii4<^>CH4, and o-hydroxy- 

phenyl-acetic acid, whose lactone, c,h,<^^*^CO, yields with PCI5, 
pure a-chlorocoumarone. On treating coumarone dichloride with 
sodium acetate, it splits u]) to form o*hydroxy-mandelic aldehyde, 

c.H4{[i]8u(oii)CHO, ’"P- ^' 4 ° (A. 313 , 79). Heated by itself, 
coumarone dil^romiclo gives exclusively a-bromocoumarone, liquid, 
b.p. 22r°-223°, which is also formed from o-hydroxyphenylacetic 
acid lactone and POBr,, and which splits up to o-hydroxyphenyl- 
acctic acid on heating with alcoholic potash. With alcoholic 
potasli, on the other hand, coumarone di bromide yields chiefly 
/1-bromocoumarone, m.p. 39°, b.p. 2i9°-220°, which on heating 
with alcoholic potash gives /1-ethoxycoumaione, but also a-ethoxy- 
coumarone and o-oxyphenylacetic acid (B. 35 , 1633). • 

Nitrocoiimarones. — If a-bromocoumarone is exposed to NgOg vapour, 
bromine is liberated and a-nitrocoumarone is formed, m.p. 134°; it is 
also obtainable in small quantity by the nitration of coumarone; 
whereas /^-bromocoumarone with NgO;, yields a-nitro-/?-bromocouma- 
rone, m.p. 132°. On treatment with Na ethylate solution, a-nitro- 
coumarone is changed into the monoxime of coumaranedione, 

— >rjT4|^^^^^CNOH. Com})are the analogous trans- 
formations of 7 - nitrostilbene, a- and /? - nitronaphthalene, 9-nitro- 
phenanthrene, and 9-nitro-anthracene (H. 35 , 1633). 

Numerous coumaroncs alkylated in the benzene nucleus and in tlie 
furan nucleus have been synthesized by the above method: a-methyl 
coumarone, b.]3. 190”, from a-phenoxypropionic acetal; and /i-methyl 
coumarone, b.p. 193°, from plienoxy-acetone, and from inethylcouma- 
rilic acid. Out of fifteen possible dimethyl coumarones, eleven are 
known: ai?-dimethylcoumarone, b.p. 210°, from dimethylcoumarilic 
acid. Others are two ethyl-, four trimethyl-, one isopropyl-, one 
tetramethyl-, and two mcthyl-isopropyl-coumarones, as well as an 

a- and a /1-naphtho-furan, CioH^, 

m.p. 7° and 6i° rc.sp., b.p. 283° and 285° (A. 312 , 237). a*FhenyI 
coumarone, m.p. 121°, from sodium salicylaldehydc and phenyl chloro- 
acetic acid by method 3 (B. 36 , 3979). 

/ 7 -Phenylcoumarone, two modifications, m.p. 13° and 42° resp., 
b.p.j, 1G3”, from o-hydroxy-^^s-diphcnylethylene by treating its dibro- 
mide with Na alcoholatc (B. 36 , 4004). Both phenyl coumarones are 
also formed from o-hydroxy-diphenyl acetic acid lactone by heating 
with PBiv, (B. 36 , 4006). a/l-Diphenyl coumarones — c.g., methyl-iso- 
propyl-diphenyl coumarone— m.p. 116°, have been obtained by the 
condensation of phenols and benzoin by means of Sulphuric acid 
(C, 1899, n. 250): 






a-Acetylcoumarone, C8H|.,P(COCIl3), m.p. 75°, is obtained from 
salicylaldehydc by means of chloracetone. With Br it gives a bro- 
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mide, C8H50(C0CH2Bi), which condenses with a second molecule of 
salicylaldehyde to dicoum^l ketone» (C 8 H 60 ) 2 C 0 , m.p. 154 ® (A. 812, 
333) • Acetylcoumarone is reduced by Na and alcohol to hydro- 
coumarylmcthylcarbinol and to O-hydrbxyphenyl-s^c-butyl alcohol, 
HO . C,H4CH2CH2CH{0H)CH, (B. 36 , 2863). 

a-Benzoyteoumarone, C8H50(C0C8H5), melting at 91°, obtained 
from o-acetoxybenzalacetophenone dibromide, as well as in the 
condensation of salicylaldehyde with phenacyl bromide, is decom- 
posed by fusion with caustic potash into coumarone and benzdic acid 
(B. 29 , 237, R. 290). . 

a-CoumarilicacidjCgHgO.COOH, melting at 190°, is obtained from 
a-bromocoumarin. Ester, amide, chloride, hydrazide, azide (see 
B. 34 , 773). The azide, with alcohol, gives coumaryl urethane, which 
on saponification splits up to o-hydroxyphenyl acetic acid. 

^-Methyl-a-coumarllic acid melts at 189°. Its ethyl ester is produced 
on heating sodium phenoxide with acetoacetic ester (see above). It 
melts at 51^ 

C~CH:, 

i,2,4-Trichloro-3-oxy-j5.methyl-coumarilic Acid, c,ci3(oH)<( ^c.cOi.n, 

melting at 258°, is prepared from chloranil and acetoacetic ester. 

Hydrocotmarones.—Bihyiro-Qoumsiones coumaran, 
b.p. 189°, is formed with o-ethylphenol by reducing coumarone with 
sodium and alcohol (B. 25 , 2409). Synthetically, it is obtained from 
the HBr ester of o-hydroxyphenylethyl alcohol with soda, and from 
o-bromo-phenylbromethyl ether, BrC^H^OCHaCHgBr, with Na in 
ether. The latter method has also been used for forming B-J-methyl- 
coumarans (B. 36, 2873). a-Phenylcoumaran, C8H70(C8H5), m.p. 32 °, 
from a-phenylcoumarone with Na and alcohol, together with o-hydroxy- 
dibenzyl. /?-Phenylcoumarane, m.p. 38^ b.p.14 167’", from a-chloro-/?- 
phenylcoumarone, C 8 H 4 C 10 (C 8 H 5 ), the result of the action of rCl^ upon 
o-hydroxydiphenylacetic acid lactone (B. 36, 3992). 

^-Aiuinocoumaran, CgH^O.NHg, b.p.i8 122°, by reduction of 
^-coumaranone oxime (B. 39, 496). Coumaran-a-carboxylic acid, hydro- 
coumarilic acid, m.p, ii6’5°, is obtained by reducing 

a-coumarilic acid with Na amalgam. A derivative of coumarane is 
probably represented by catechin, already mentioned in connection 
with tannins, for which the following constitution has been suggested: 

(CH,p),[34lc,n,[iTal3|![fiS} (B. 39 , 4007). 

Compounds resembling catechin in constitution have been obtained 
by the condensation of coumarane with benzoyl chloride and AICI3 
and subsequent reduction with zinc dust and alkali (B. 41, 1330; 

42, 911 ). 

" a<Keto-dihydro-coumarone,a-coumaranone, is prob- 

ably represented by o-hydroxyphenylacetic acid lactone. 

‘ ^■®®to-®liydro-coumarone,i3-coumaranone,c,ii4<^^®^n„ m.p. 97®, 
is obtained (i) from o-hydroxy-u-chloracetophenone, 
on heating with sodium acetate (B. 38, jpSi; 41, 4273; 43, 314) ; (2) by 
the condensation pf phenoxy-acetic acid, CjHjO.CHaCOjH with PgO, 
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(B. 33, 3176) ; (3) from its carboxylic acid, whose ester, ^•ooumaronone- 
a-carbozylic ester, c,H4<(p^])cHC0,c,Hj, m.p. 66°, is obtained by 

condensing phenoxy-acetic-o-carboxylic ester by means of sodium 
(B. 32 , 1867; C. 1900, I. 495; A. 312 , 258). I-, 3-, and 4-methyl- 

eouinaranones.CHaCeHa/^^^CHj, m.p. 102°, 85° and 54® respectively; 

1,4-dimetliyl ooumaranone^ m.p. 75°. jB^-dihydroxy-coumaranone, m.p 

226°, fr4)m pyrogallol and chloracctic acid with POCI3 (B. 37 , 817). 

Naphthocoumaranone, C^QUflC2H2^2)» ^^-P* 9^°, froni 2-bromaceto- 
a-naphthyl acetate (B. 30 , 1468). 

a-Mono- and aai-dibromo-coumaranones, m.p. 86® and 142®, are 
produced by brominating coumaranone. 

a-Nitro-coumaranone is obtained in the form of its potassium salt, 

; NOOK, from a-nitro-^-bromocoumarone by reaction 

with dialkylamines and heating the resulting compounds with 
alcoholic potash (B. 42 , 200); with benzaldehyde, "coumaranone 
condenses to a benzylidene compound, m.p. 108®, with /)-nitroso- 
dimethylaniline to a dimethyl anil of coumarandione (see below). 
Numerous substituted benzal coumafones have been obtained from sub- 
stituted benzal-o-hydroxy-acetophenone dibromides (B. 31 , 699- 1759; 
32 , 309, 2257). The dibromides of the benzal coumaranones are changed 
by dilute alkali into flavonol (B. 43 , 4233). On acylating coumaranones 

/C— OCOR 

in alkaline solution we obtain /?-acyloxycoumarones, : 

the isomeric C-acyl compounds, are obtained 

by the action of potassium carbonate upon o-acyloxy-w-chloraceto- 
phenones, Cofi4<o^co^if' 

Coumaranone dissolves in alkalies with formation of salts of 
/ 5 -oxycoumarone ; in air, this solution rapidly takes a blood- red 
colour by simultaneous condensation and oxidation, the first pro- 
duct being a keto-dihydro-bis-coumarone, Cg 

which absorbs oxygen and easily passes into dioxy-bis-coumarone, 

m.p. 185 , orange-yellow needles. 
The latter, on further oxidation with yields the 

oxygen analogue of Indirubin, the so-called Oxindiriubin, 

m.p. 215®, orange-yellow needles subliming 
without decomposition, also obtained by condensation of /?-coumara- 
none with coumarandione or hydroxyphenylglyoxylic acid with 
concentrated sulphuric acid (B. 43 , 212; 44 , 114). 

Coumarandione,''^ CgH4<^Q*^^co. yellow plates, m.p. 134®, is the 
lactone of o-hydroxyphenylglyoxylic acid, from which it is obtained 
by heating with PgOg in benzene solution or by vacuum distillation 
(B. 46 , 154). Coumarandiones alkylated in the benzene nucleus have 

* The particulars concerning coumarandione given on p. 390, Vol. II., have 
turned out to be erroneous (see iJ. 46 , 162). 
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been obtained from substituted o-hydroxyphenylglyoxylic acids by 
•heating with PgOg in benzene solution. 

2- and 3-Methylcoumarandiones, m.p. 112° and 149° (see B. 42 , 
234 )- 

Coumarandione-u-p-dimethylaminoanil, c,H4<^q®^C:NC,u,n(ch,),. 


from /J-coumarcanone and ^-nitroso-dimethyl aniline, unites with i mol. 
/?-coumaranone to form a compound, C24H20O4N2, m.p. 203° with dec., 
which is split up by HCl into _/>“aminO“dimethylaniline and th6 oxygen 
analogue of indigo : 

Oxindigo, aa-bis-coumaran-iSj 5 -dione, 


lemon-coloured prisms, m.p. 276°, subliming without dec. in the form 
of a yellow vapour. It is also formed from potassium a-nitrocoumarone 
on boiling with water or treating with Br or I (B. 44 , 124, 315). 


Dimethyl j benzo - difuran - dicarboxylic ester. 


jC.CH3 I 

no>cco,RL 


from resorcinol and chloracetic acid ester, a-compoimd, m.p. 186°, /?- 
compound, m.p. 141'". Trimethyl-benzo-trifuran-tricarboxylic ester, 

rc.cHg ] 

"fl- ^^cCOaRJ Piom phloroglucinol and 

chloracetic ester. 


6. BENZOTTHOPHEN OR THTONAlMITIiEN GROUP. 


The most important substances of this group have only recently 
become known through the investigations of P. Friedlander, who dis* 
covered in the sulphur analogue of indigo blue — viz., thio-indigo 
red and its derivatives — a cla.ss of commercially important vat dyes. 
The compounds of this group bear the same remarkable resemblance 
to the naphthalene derivatives as do the compounds of thiophen 
to the benzene derivatives. 


Thionaphthen, Benzothiophen, 


yC\m 

VCH(a), m.p. 32°, b.p. 221° 


(C. 1897, 11 . 270) has an odour resembling naphthalene; it is formed 
like coumarone from o - hydroxy- w - chlorostyrene (see above), through 
the o-sulphydryl-w-chlorostyrene, which has only been isolated in the 
form of its xanthogcnic ester (B. 26 , 2809) : 


C«H 


/CH-^CUC\ 

«\SH 




CII\ 

s— ^ 


CII. 


It is formed by reducing the easily accessible ^-hydroxy-thionaph- 
then with zinc dust and glacial acetic acid (B. 41 , 230). It has also 
been found in tar from lignite (C. 1902, II. 804). 

4-Hydroxy-thionaphthen, C8H5(OH)S, m.p. 72°, is formed by con- 
densing thiophenaldehyde with succinic acid, as is acetoxjxoumarone 
from the condensation of furfural and laevulinic acid (B. 19 , 1619): 

CH— CH HOCO* CH2 ~COa CH — C .C(OH) : CH 

CH.S.&HO CH3COOH -aHiP CH.S.C.CH~CH. 
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''^/ 3 -Hydroxy 4 hionaphthen/rA/oinrf(?A;y, m.p. 71^^,' 

colourless needles. Modes of preparation : (i) From ) 5 -hydroxy-thi 6 -^ 
naphthen-a-carboxylic acid, by elimination of COg (A. 351 , 408); ’ 
(2) from /?-amino-thionaphthen or its carboxylic acid on boiling with 
dilute mineral acids; (3) from phenyl tliioglycollic acid by treating with 
fuming sulphuric acid or chlorosulphonic acid; but this last reaction 
is only suitable for forming substituted /?-hydroxy-thionaphthcns 
from thoSe phenylthioglycollic acids in<. which sulphonation is excluded 
by the substituents present. A better method is (4) from phcnyl- 
thioglycollic acid chloride and AlClj (C. 1908, I. 1811) : 


. r 11 

QQQ ^ *♦ 

(5) from methyl-thioseilicylic acid on melting with caustic alkaliej?, 
best by adding a condensation agent like disodium cya^iimide, lead 
sodium, etc. (C. 1908, II. 552): 


C«H 


/coou 


CflII 


/C[Oil) 

^\s_ 



/ 5 -Hydroxy-thionaplithen behaves like a-naplitliol. It smells 
similarly, volatilizes in steam, and yields with diazonium salts, azo- 
dyes resembling the azo-derivatives of a-naphthol. In alkaline solu- 
tion it oxidizes even in air, more easily with potassium ferricyanidc, 
ferric chloride, etc., forming thio-indigo red: 




./co\, 


a-Bromo-/i-hydroxy-thionaphthen, CsII^OSBr., m.p. 88°, and a-di- 
bromo-/i-keto-dihydro-thionaphthen, QHiOSBig, m.p. 132°, by 
bromination of j 5 -hydroxy-thionaphthen (B. 41 , 227). Both easily 
pass into thio-indigo red by splitting off HBr and respectively 
(M. 29 , 371). 

In many cases ^-hydroxy-thionaphthen reacts in the dcsmotropic 

form as /?-keto-dihydro-thionaphthen, Thus it yields 

with aldehydes and ketones coloured condensation products built like 
the indogenides (see below), and therefore called Thio-indogenides. 

The benzylidene compound, C6H4<^^^^C : CliC^Hj, m.p. 127°, occurs 
in yellow needles (M. 30 , 347) ; with thionaphthenquinone, /?-hydroxy- 
thionaphthen unites to form thio-indirubin, C4H4<^g^^c : 

with isatin to form thio-indigo scarlet, c^H = and 

with acenaphthenequinone to form the orange-coloured a-thio- 
naphthen acenapbthene indigo or ciba scarlet G, c,H4<^^^c ; 

(B. 41 , 3331; M. 29 , 373 ). 

With nitrous acid, )?-hydroxy-thionaphtlien yields thionaphthen- 
4iunone>a>monozime, and with aromatic nitroso-compounds thio- 
naphthen>qumone-a>anils. * 
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a-Hydiozy-thionaphthen-/$-aldehyde> c,H4<^g^C(OH), m.p. 130°, is 

formed on splitting up /3-thionaphthene-a-indole indigo with alkalies 
(B, 41, 1038). 

j3-Hydrozy-tbionaphthen -a -carboxylic acid, 

methyl ester, m.p. 104“, is formed from o-carboxyphenylthioglycollic 
acid on melting with caustic alkalies or on heating with acetic anhy- 
dride and sodium acetate to 40“ to 50° (A. 351, 405) : 


CoH4<( 


coon 

S— CHj.COOH 


Nc.cojU. 


^ It easily splits up into COoand ^-hydroxy-thionaphthen, and there- 
fore yields with aldehydes, HNOg, etc., the same reaction products. 
Oxidation also yields thio-indigo red. 

/?-Amiiio-thionaphthen, oily, with an aceto- 

compound melting at 169°, smells like a-naphthylaminc. It is formed 
by splitting off CO2 from /?-amino-thionaphthen-a-carboxyIic acid, 

C8H4S(Nri2)COj5H, m.p. 146°, without dec. The latter is obtained by 
saponifying o-cyanophenylthioglycollic acid by means of dilute 
alkalies or cold concentrated H2SO4: 


c Ti -->rc H /C0NH3 1 . /C(NH,)\p ^ - 


On heating with dilute mineral acids, ^-amino-thionaphthen 
easily passes into p’-hydroxy-thionaphthen (A. 351, 412; C. 1908, 

l. 424). 

Thionaphthenquinone, ap - Diketo - dihydro - thionaphthen, 

yellow prisms, m.p. 121°, b.p. 247'". (It should not be 

called ** thio-isatin’' ; see thio-isatin, p. 63.) Preparation: (i) From 
thionaphthenquinone-a-anil (see below) by splitting up with dilute 
mineral acids (C. 1909, II. 1603; 43, 1370); (2) from thionaphthen 

quinone-a-oxime (isonitroso-thio-indoxyl) by hydrolysis with 50*per 
cent. H2SO4, or better by reducing to a-amino-p-hydroxy-thionaphthen 
and oxidizing with ferric chloride; (3) from the a-dibromo-/l-kcto- 
dihydrothionaphthen by boiling with water or lead acetate solution 
(B. 41, 234; C. 1909, II. 767). 

Thionaphthenquinone resembles isatin in its behaviour. Like 
the latter, it gives, with thiophen and concentrated H2SO4, a dark-blue 
coloration. With hydroxylamine and phenylhydrazine it reacts to 
form thionaphthenquinone /3-oxime, C8H40S(: NOH), m.p. 186°, and 
thionaphthenquinone /3-phenylhydrazone, C8H40S( : N . NHC^Hg), 

m. p. 166®. No dioxime or diphenylhydrazone is formed. On the 
other hand, the thionaphthenquinone a-oxime or isonitroso 4 hio- 

indoxyl, CeH4<^g^^C : NOH, m.p. 172*^ with dec., obtained from 
/3-hydroxy-thionaphthen with HNOg, yields with phenylhydrazine the 
thionaphthenquinone a-oxime /3-phenylhydrazone, CgH4S(; NOH)- 
(: NNHCgHg), m.p. 154'' (C. 1909, H. 1393). 
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Thionaphthenauinone a-aniU .* nc^Hs, m.p. 151®, 

from a-dibromo-/?-keto-dihydro-thionaphthen and aniline; the p 
mono-and dialkylamino-a-aniles of thionaphthenquinone have been 
obtained by the condensation of /3-hydroxy-thionaphthen with 
/>-nitrosoalkylanilines (B. 43, 1370). 

With ^-hydroxy-thionaphthen, indoxyl, and similar compounds with 
reactive^ methylene groups, thionaphthenquinone unites with elimina- 
tion of water to form indigoid dyes, the carbonyl in the /^-position always 
coming into reaction. Thio-indirubin, ap-bisthionaphthen- pa-dione 

needles, m.p. 206° (M. 29, 373), /?-Thio- 

naphthen-a-indole-ay?-dione, 

The isomeric dyes are formed by the reaction of the same com- 
pounds with a-dibromo-/?-keto-dihydro-thionaphthcn or Ihionaph- 
then quinone-a-anils (see thio-indigo red). , 

■ Thio-indigo ted, (P. Friedlandcr, B. 39), 

the sulphur analogue of indigo blue, is, like the latter, a vat dye, 
colouring the fibre in dull violet tones, and iiidustricdly valuable 
on account of its permanence. It crystallizes from nitrobenzene 
in brownish-red, shining needles, melting above 280"", and subliming 
even below that temperature. At higher temperatures it changes 
into an orange vapour and distils almost without decomposition. 
Its solutions show a strong ycllowish-rcd fluorescence. 

Modes of preparation (see Chem. Iiid. 32, 565) : (i) By the oxida- 
tion of /1-hydroxy-thiophcnaphthen or its carboxylic acid in alkaline 
solution by atmospheric oxygen, or better by potassium ferricyanide, 
ferric chloride, etc. : 

/C(OH) CO ^CO 


(2) By condensing the acctylenebis-thiosalicylic acid obtained 
from dichloroethylene and thiosalicylic acid by means of acid con- 
densing agents such as chlorosulphonic acid (C. 1909, I. 605) : 


.COOH HOCO. _ CO. CO. 

/CH ; CH^ 


C.H.< 

\S- 


(3) By oxidation of o-thiolacetophenone by atmospheric oxygen in 
alkcdine solution (C. 1908, I. 2118); 


2C 




,CO— CH, 
SH 


C.H,y^C:Cy^C.U,. 


This method is specially suitable for obtaining the industrially' 
important alkoxy-derivatives of thio-indigo red (C. 1908, II. 1659). ' 
The following modes of preparation have only a theoretical interest : 

(4) Treatment of thionaphthenquinone a-anil with CSg in acetic 
acid solution, with elimination of siflphur (M. 29, 371). 
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'"{ij'vC^ldensation of a-dibromo-iS-kcto-dihyclro-thionaphthen , or 
tUit)iia^tlicnquinone a-anil with /^-hydroxy-thionaphthen. 

Oit treating thio-indigo red with zinc dust and alkali, or an alkaline 
hydtQjsnlphite solution, we obtain a feebly yellow solution from -which 
acM|*.precipitate thio-indigo white, insoluble in water, 

ej9(gfly soluble in idkalies, and returning to thio-indigo red by oxidation 
ip air. Since it is also obtainable by moderate oxidation of //-hydroxy- 
ihionaphthen (thio-indoxyl) with EcCU or NaClO, it must be regarded 

as bis-thio-indoxyl, Its diacetyl 

compound melts at 240° (M. 29 , 372). 

Numerous substitution products of thio-indigo red are technically 
important, especially the halogen, alkoxy- cind alkyl thio-derivalives. 
It is found that substitution in the ^-position to the carbonyl dis- 
places the shade towards the yellow, while a substitution in the p- 
position to the S-atom displaces it tovvar<is the green (Ch. Ztg. 35 , 
“ 59 )- ‘ , , _ 

Peri - Naphtho - thioindigo, CjoU^ : c 

blue-black powder, from />6T/-carboxynaplithyU)iiuglycollic acid 
(C. 1908, I. 1815). 

7. BENZOPYKKOLE OR INDOLE (iROliP. 

The most important substances belonging in this group have been 
obtained from indigo blue, to which tlu' indide derivatives Ix'ar nii 
intimate kinship. Jake the pyrroles, indole and its den iv^ativY's are oi 
physiological importance as decomposition products of albumin. 
Indole, and especially the mcthylindoles, as donvalives of pyrroki, show 
mo.st of the reactions of the latter (B. 19 , 298(8). J'>y a niptim^ of the 
ring the indole bodies are converted mainly into or/Zto amino- acids of 
benzene. Our knowledge of the constitution of indole and its deriva- 
tives, and their relations to indigo, is based chiefly upon the investiga- 
tions of A. V. Baeyer (p. 64 et seq). 

Indole, C8H7N (a), melting at 52° and boiljng 

at 245° with decomposition, is contained in coal-tar, and can be 
liberated from the fraction distilling at 240^-260° (B. 43 , 3520). It 
is also obtained: 

(1) By the distillation of oxygen-containing derivatives — e.g., 
oxindole, indigo blue — with zinc dust; or, better, from indoxyl by 
reduction with Na-amalgam or zinc dust and alkali (B. 37 , 1134; 
C. 1904, II. 166; 1909, II. 31), 

(2) By condensation of various o-amino-substitution products of 
benzene, or by the reduction of o-nitro-compounds; for example, 
the action of sodium alcoholate upon o-aminochlorstyrene, 

/CH = CHC 1 yCHv , ^ , 

CfiH4<^NH ^ coumarone (p. 39) 

and benzothiophen (p. 44); also by the reduction of o-nitrophenyU 

acetaldehyde or o-nitrocinnamic acid, 

It is very probable that the production of indole from phenylglycocoll. 
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C3H5NH.CH2COOH, and calcium formate proceeds 
manner (B. 23 , R. 654). 

(3) The pyrogenic formation of indole from alkyl aniline^J^tr^ 
hydroquinoline, and especially from cumidine when the vapou^are'^ 
conducted through tubes heated to redness, are due to orthe 
densations. 

(4) Finally, indole is formed (together with skatolc, frofi 
albumingtes in the pancreatic fermentation (method of production), o^ 
when they are fused with caustic potash. It is found in jasmine and 
other flowers. 

Behaviour, — Indole crystallizes from water in shining leaflets. 
It possesses a peculiar odour, resembling that of naphthyla- 
mine, and is readily volatile in steam. Its vapour density (under 
diminished pressure) corresponds to the formula C^H^N. A pine 
splinter moistened with hydrochloric acid and dipped into its alcoholic 
solution or the vapours acquires a cherry-red colour. |^ol possesses 
but very feeble basic properties (similar to pyrrole), and is easily resini- 
fied by acids. As in pyrrole, the imine hydrogen can be replaced by 
K or Na. Methyl Mg iodide converts it into indyl magnesium iodide 
(C. 1911, I. 1852). 

With picric acid it forms a compound which crystallizes in red 
needles (see also B. 32 , 2615; 39 , 2516). 

The substituents of indole in the pyrrole ring arc termed N-, a-, /?-, or 
Py(i,2,3); those in the benzene ring, 1,2,3,401- Bz(i,2,3,4) (A. 236 , 121) 
(see p. 38). Many indole derivatives arc referable to a desmotropic form 

called Indolenine, cji4(^^^"^ciT (C. 1908, II. 605). 

^'Nitrosoindole, C7HgN.NO, melting at 172®, formed from indole 
and sodium nitrite, probably has the doublt‘d formula (C. 1891, II. 62). 
Various acetylindoles are produced when indole and acetic anhydride 
are heated together (B, 23 , 1359, 2296). 

Homologous Indoles are produced: 

I. Like indole from o-amino-compounds of the benzene series by 
the formation of closed rings: 


/CII2.CO.CH3 yCtiv 


0-AminobcnzyI methyl ketone. 


a-Methyl indole. 


Similarly, o-amino-desoxybenzoin yields a-phcnylindole, and 0- 
methylamino-w-chlorstyrene, iV-methylindole. 

2. By heating the anilines with compounds containing the group 
CO.CHCl. For example, aniline and chloracetone yield a- methyl 
indole; with ) 3 -bromolaevulinic acid, a,/?-dimcthylindole is the product. 
A simultaneous evolution of COg occurs here. This reaction is parallel 
to that of the so-called quinaldine synthesis. For its course see B. 25 , 
2860; 26 , 1336, 2638; 37 , 867. Aniline and bromacetophenonc yield 
a-phenylindole. 

S 3. A noteworthy method for the production of the alkylindoles 
insists in condensing the phen^lhydrazones of the aldehydes, ketones, 
and ketonic acids by heating them with hydrochloric acid or zinc 
VOL in. E 
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_j&lorid^' (E. Fischer, B. 19 , 1563; 22 , R. 14), when ammonia is 
/split oft; 

/CH, 

yC=y 


C,H, . NH . N : CH . CH, . CH, 

Propion aldehyde phenylhydrazone. 

^CH, 


^-MethyHlldolc. 

XH 


CH 


C,H,.N(CH,)N : c/""’ >C.h/''“ ^C.CH, , 

\:H, ^N(CH,f 


Acetone phciiylmethylhydrazonc. 

/CH, 

C,H,.NH.N:C< - 
^COj.R 

P5THvic ester phenylliydi azono. 


N,a-Dj me th y lindole. 

/CH. 

a-Indole carboxylic ester. 


The wwsy^w.-alkylphenylhydrazine derivatives react very easily 
with pyroracemic acid upon warming them with dilute hydrochloric 
acid, sulphuric or phosphoric acid; the products are N-alkylindole- 
carboxylic acids. The phenylhydrazones of the /?-ketonic acids — 
e.g., acetoacetic ester — are principally converted into pyrazolc com- 
pounds. Some, when heated with concentrated sulphuric acid, yield 
indol compounds (B. 27 , R. 793). This is especially true of the 
w«sym.-alkylphenylhydrazones. In aldehydes and ketones containing 
methine groups adjoining CO groups, the condensations usually take 
place in a modified manner, with expulsion of the tertiary H-atoin. 
The phenylhydrazones yield pseudo-indole or indolenine derivatives; 
the wnsyw.-alkylphenylhydrazones give deri^^'ltives of a dihydroindolc 
or indoline (B. 31 , 1488, 1948. M. 21 , 156; C. 1900, I. 867. See 
also Indolinones). 


(i) CeH^NIINX 


Cl 1x113)2 
XH, 


->C..H,<( 


C(('H,), 


•N- 


/ 


cev. 


Tninethyl-indolcnine. 


/CH(CH,), 
( 2 ) C,H,N(CH,)N : C< 

^CH, 


-> C,H,. 


.C(CH,), 




CII, 


^ N(CH3)^ 

Trimcthyl-methylene-indoliiic. 


l3) C,H,N(CH,)N ; C<f 

\h 


CH(CH,), 


X(CHg)2V 

-> CeH / N 

^NCCHg) 

Trime th yl -indol inol . 


.OH 

/ \i-i 


4. The polymeric alkylpyrroles, upon standing with dilute sulphuric 
acid, part with ammonia and pass into alkylindc^es — e.g., tetra- 
methyldipyrrolc changes to a,)?,2,3-tctramethylindole. 

5. On the formation of indoline or benzopyrrole derivatives from 
pyrroles with 1,4-diketones, see B. 35 , 2607; C. 1902, II. 1472; 1903, 
I. 1154 - 

Behaviour . — The alkylindoles substituted in the pyrrole nucleus 
possess generally a faecal odour, and can be distilled without decom- 
position. The phenylindoles and indolecarboxylic acids are non- 
volatile and odourless. They are more stable towards acids than, 
indole, dissolve in concentrated acids, and are reprecipitated unaltered 
, by water, picric acid unites with all^^of them, forming compounds 
crystalliring in red needles. /Most of tbe indole derivatives give the 
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pine-shaving reaction, the exceptions being the indolecarboxj^hc aci<^ 
and the a,i 5 -dialkylindoles. The alkylindoles, like the alkylp^rrolcs,\ 
yield indolecarboxylic acids when they are fused with caustic potash. I 

The .indoles, like pyrrole, combine with nitrous acid, acid anhy- 
drides, and diazo-compounds, hydrogen atoms of the pyrrole nuclJ^us 
being replaced by the fsonitroso, the acidyl; benzene-azo group, etc.^ 

With aldehydes (i moL), the a-substituted indoles condense with, 
expulsion of the H-atom in the ^S-position to form compounds of the'^> 

type, C,hJ ^cr RC<^ |c.h. (B. 36 , 4326; 37 , 322, 1221; J. pr. 

InH HNi 

Ch. [2], 61 , 249). 

Oxidation converts these condensation products into dyes resem- 
bling fuchsin, so-called Rosindoles, which are also obtained direct by 
the condensation of the corresponding indoles with benzoyl chloride 
and ZnClg (B. 20 , 815). The keto-groiip of the ^-diapiino-benzo- 
phenones also reacts like the aldehydes, forming red^to violet dyes 
(C. 1902, I. 610). Methylindole unites with aldehydes in molecular 

rc^^CHR 

proportion to the compound, (B. 36 , 308; 38 , 2640). 

In this dcsmotropic form methylindole also reacts with aromatic 
nitroso-compoiinds (C. 1908, II. 650). 

A peculiar behaviour is shown by indole and the alkjdated indoles on 
thorough treatment with alkyl iodides. Thus, in the cases of indole and 
methylindole, treated with methjdiodide, the methylation of the II- 
atoms of the pyrrole nucleus is followed by the addition of a further 
methyl group: 

iV/?/ 5 -TrimethyI-a-methyIeneindoIine is formed, the constitution 
being proved by its synthesis, by its oxidation to trimcthyl indoli- 
none, and by its disintegration to form synthetic trimethylindolenine, 
from which latter it can be recovered by methylation (B, 31 , 1488; 

C. 1898, II. 542; 1899, I. 280): 



C(CII,)\ 

N(CHa)/ 


ccii3-k:,h 



c 


— 

:CH,^CaH, 
— ► 


fC(CHa),\ 

In---/' 


CCUj 


1 


Cell, 


rC(ClVa\ 

\n(CH3 )/ 


CO. 


Trimethylmethyleneiiidolinc gives on further methylation cthyli- 
dene- and \sopropylidene-trimethyl-mdolinc, also obtained synthetically 
from ethyl ^S{?prop3d ketone and di/sopropyl ketone methylphenyl 
hydrazones by method 3 : 



:CHCHa- 


CeH*! >C;C 


</CH 3 


-CaHaN(CH3)N;C 


/CHtCIia). 

\cH(CH 3 )a 


Similar processes take place during the ethylation of methylated, 
ethylated, and phenylated indoles, in which isomerization has also 
been observed, due to migration of the alkyl groups (C. 1899, I. 282 ; 
1900, 1 . 867; 1902, II. 1322). 

On heating with chloroform and sodium alcoholate the alkylindoles, 
like pyrrole and indole, enlarge the ring and yield /^-chloroquinolines 
and indole aldehydes. * • 
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■Qoie yields as a primar}^ product /J-dichloroniethyl- 
ienine, whicli, on heating with sodium ethylate, passes 
■dimethylquinoline (C. 1905, I. 1155) ; 


\c.cil,>c„ll / 

/ \]sr 


.C(CHCh)(ClI,) 


\ 


.. 


c.cii3> (-.ih-; 


/ 


CTCrtJa) : CCl 




C.CII, 


lethylindole, CHngN(CH.,), boiling at 239°; A/^-Ethylindol^, boiling 
ify'" ; iV-Allylindole, boiling at 252° (B. 26, 2174) ; and N-Phenylindole, 
tl«N(C«H 5), are obtained from tlieir carboxylic acids by the elimina- 
tion of carbon dioxide. Bromine in sodium hydroxide oxidizes 
iV-methyl and iV-cthyl indole to methyl and ethyl-\f’-i satin. 

, a-Methylindole, ('„1I5(CH3)NH, Mcthylkdole^ arises from o- amino- 
benzyl methyl ketone, and acetone phenyl liydrazone. Its odour is 
like that of indole, and its reactions are similar. M.p. 59'’, b.p. 2b8'^ 
Fused with caustic pota.sli, it forms a-indolccarboxylic acid. By 
oxidation with KMnOi the indole rinf( is split ami acxtanthraiiilic acid 
is formed. Passed through incandescent (iibc's it is tran.spo.sed into 
quinoline (B. 38 , 1949). With chloroform and sodium alcidiolatc it 
yields ^-chloro-quinaldine (B. 21 , 1940). 

/? - Methylindole, Skatole, Ql-l5(CH;j)NH, occurs in human fa'ces 
(with a little indole). It may be obtained, tof^^ethcr with indole, fiom 
reduced indigo, by the putrefaction of albuminoids, or (with indole) in 
the fusion of the same with potassium hydroxide. It can be prepau d 
without difficulty by heating propaldehydi'-phenylhydrazone with zinc 
chloride. It melts at 95° and boils at 2O5'’. It has a penetrating 
faecal odour. With chloroform and Na alcoholate it yields /^-chloro- 
lepidine (B. 39 , 4388). /]-Kthylindolc, m.p. 43*^, from indyl magnesium 
iodide and CgHr^Mg!. Also from A'-butyraldchyde phons lliydrazone 
(0.1905,11.677). 

aj^-Dimethylindole, m.p. 106°, from methyl etJiyl ketone phenyl 
liydrazone (A. 236 , 128). 

N,a,/ 9 -Trimethylindole boils at 280^ (sec above). a,/?,2,3-Tetra- 
methylindole melts with decomposition at 285*" (B. 22 , 1924). It is 
obtained from tetramethyldi pyrrole. a-Phenylindole, CgH7,(CftiyNH, 
melting at 187°, has been pre]>arcd from acetophenone phenylhydra- 
zone, from o-nitrodesoxybenzoin, from bromacetophenone and aniline 
(sec above), and, lastly, by the rearrangement of /^-Phenylindole, 
C8H5 (CqH^)NH, melting at 89°, upon heating it to 170'' with zinc 
chloride (II 21 , 1811). Similar rearrangements are manifested by 
the different methylphenylindoles (B. 22, R. 44). a-Thienylindole, 
melting at 162°, and a-Naphthylindple, melting at 180°, are obtained 
from the phenylhydrazones of naphthyl and thienyl methyl ketones 
(B. 38 , 217). 

a;8.Naphthopyrrole, C,oh4[^]^hVii, is obtained from its sulpho- 
acid {B, 31 , 251). 

i?,/?, 3 -Trimethyl-mdolenine, cn3C,H,< >ch. m.p. 143®, from 

^sobutyraldehyde j^-tolylhydrazonc, is polymerized on standing. On 
boiling with HCl it transposes into a,/?,3-trimethylindole, m.p. 190® 
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\ 

/C(CHi),v \ 

(M. 27 , 731). a,^,)J-TrimethylindoIemne, c,ii/ _ ^ci^, m.p; 

229° (C. 1899, II. 436), from methyl isopropyl ketone phenylli^ra- 
zone (sec above) ; a,}i-dimethyl-p-ethyl4ndolenine, m.p. 243°, from m^iyl 
ethyl ketone phcnylhy dr azone (compare C. 1900, I. 867). \ 

aa-Methyl-/i/i-diethyl indoleninc is obtained by the ethylation of 
methylindole (C. 1899, I. 280). 

2. Chloro-substitution products of the indoles are formed by the 
action of sulphuryl chloride upon the ether solutions of indoles or from 
the oxygen derivatives, oxindole and dioxindole, with PCI5. a-Chlor- 
indole, ^H^ClNli, m.p. 91 ■5'', heated with mineral acids, easily passes 
into oxindole. 

a,//-Diclilorindole, CaH^Cl.^NH, m.p. 104°. a-Chloro-Zl-bromindole, 

C8H4ClBrNH, m.p. 92^^ with dec. (C. 1905, II. 1346; 1906, I. 854). 
^-lodindole, CyH-INlI, m.p. 72'' (sec B. 41 , 4005). /]-Iodo-a-methyl- 
indole, m.p. 82'" (see C. 1909. II. 282). 

3. Sulplio-acids of the indoles and naplithinddcs, containing the 
siilplio-group in the pyrrole nucleus, have been prepared synthetically 
from methyl and ethyl aniline and from the naphthylamines by con- 
densation witli glyoxal bisulphite (B. 27 , 3258; 31 , 250; 41 , 1367); 

Cli ^ 

iV-methyl-indole-a-sulphonic acid, boiling 

with II(d, splits oif SC).^ and pa.s.ses easily into '/i-metliyl oxindole. 

4. Nilroso-, Nitro-, and Benzencazo-Derivatives- -With nitrous acid, 
obtained from sodium nitrite and glacial acetic acid or, better, amyl- 
nitrite and sodium alcoholate, and with nitric acid obtained from 
ctliyl nitrate and sodium in ether, smooth reactions are only shown by 
those indoles in which the il-atom in the /i-position is not substituted, 
like indole, mcthylindule, and a-phenylindole ; the latter gives nitroso- 
and nitro-dorivatives, which, liowever, also react in the tautomeric 
form of isonitroso- and iscmitro-bodics (sec the tautomcrism of the 
nitrosophenols). 


• /C--NO 
CohJ ^CH or C,[\, 

Inii 


rc - Non 

In 


Inii 


rC-NOOH 
or CjiJ ^CH 

In 


Permanganate oxidizes the nitroso-bodies into nitro-bodies. 
/ 9 -Nitroso-indole (?) decomposes at 170° (C. 1907, I. 1543). 

/?-Nitroso-methylindole, m.p. 198*" with dec. Nitroso-a-phenylindole, 

m.p. 250°. ^-Nitro-iiidole, yellow needles, m.p. 210°, is formed from 
i?-nitro-indole-a-carboxylic acid, which proves its constitution. On 
further nitration with nitric acid in glacial acetic acid it yields a/?- 
dinitro-indole, decomposing at 260°. /1-Nitro-methylindole, yellow 
scales, m.p. 248°, /?-iiitro-a-plienylindole, m.p. 239°-24i''. Perman- 
ganate oxidizes this nitroinethylindolc to /1-nitro-indole-a-carbozylic 
acid (C. 1903, II. 121; 1904, I, 1216; II. 710). 

The a-substituted indoles also react excellently with the diazo- 
benzene salts: ifif-benzeneazometUylindoIe, (Cj»HjjN)N : NCqHs, m.p. 115^^; 
i?-benzeneazo-a-phenylindole, m.p. 166° (C. 1903, I. 839). 
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5. Amino-indoles , — a-Amino-indoIe, CgHgN(NH2), brilliant prisms 
(di-ace to-coinpound, m.p. 142®), is formed by the transposition 
of o-aminobenzyl cyanide'” on heating with alcoholic sodium ethylate: 

>c,H4<^^i{^c.nh, (B. 43 , 2543), ^-Amino^methyl- 

indole, C8H5N(CH3)(NH2), m.p. 113°, and i?<Ai](imo-a>pheiiyliiidoIe, 
m.p. 180°, from the corresponding nitroso-compounds (see above) 
by reduction; with nitrous acid the i?-amino-indoles yield yellow 
di azo-compounds of remarkable stability, probably derivable from 

the desmotropic formula of indole, Quinondiazine, 

Vol. II., and C. 1905, II. 99; 1906,8 11 . 1127). a-Amino-indole and 
iV-ctliyl-/?-aminophenylindolc, accordingly, form no diazo-compoimds 
with HNO.,. 

Ji, 6. Indolcaldehydes have been obtained by the action of chloroform 
and Na ethylate upon indoles, besides ^-chloro-quinolines (sec phenol 
aldehyde synthesis). ^-Indolealdehyde» CgHgNXHO, m.p. 195®, is 
also formed by the oxidation of tryptophane with FeClg (see below). 
Oxime, m.p. 200°. KMn04 oxidizes it to / 5 -indolecarboxylic acid. On 
heating with dilute mineral acids it forms a red dye (B. 39 , 2516; C. 
1911, I. 1420). 

a-Metl^l-i^-mdolealdeliyde, Ct,H5N(CIIa).CHO, m.p. 198®, has also 
been obtained by the action of amyl formate and sodium elhylale upon 
a-mcthylindole (C. 1907, I. 1135; 1908, I. 739). 

7. Indoleketones arc formed by the reaction of indyl magne- 
sium iodide with acid chlorides (C. 1911, 1 . 1853). j^-Indyl methyl 
ketone, CgHgN.COCHa, m.p. 189®, and ethyl ketone, Cgl-lgN.- 

COC2H5, m.p. 158°, yield ^-indolecarboxylic acid on melting with 
caustic potash. /^-Indyl phenyl ketone, CgHgN . COC^Hg, m.p. 170°. 

’ s 8. Indole Carboxylic Acids , — These are produced by the following 
synthetic methods: (i) from the phenylhydrazones of the pyroracemic 
acids, by reactions perfectly similar to those employed for the pyrrole- 
carboxylic acids; (2) when the indoles are heated with sodium and 
carbon dioxide; (3) by fusing the alkylindoles with caustic alkali. 
Ordinary oxidizing agents do not attack them (B. 21 , 1925). Heated 
alone, or with lime, they break down into carbon dioxide and indoles. 

a-Indolecarboxylic acid, CgHgN.COgH, melting at 200° with decom- 
position, has been prepared from pyroracemic phenylhydrazone, from 
a-methylindole by the potash fusion, and by the latter process from 
tetrahydrocarbazole. 

The acid also results in the reduction of o-nitrophenyl pyroracemic 
acid with zinc dust and glacial acetic acid, whereas the product will 
be Ar-hydroxylndolecarboxylic acid when sodium amalgam is used (see 
^ B. 30 , 1045). It yields an imide anhydride (B. 22 , 2503) corresponding 
to pyrocoll if heated with acetic anhydride. . 

For derivatives of the acid, such as the hydrazide, azide, etc., 
see C. 1902, I. 1230. 

i^-Indolecarboxylic acid, CgHgN.COjH, m.p. 218® with dec., from 
skatole by potash fusion and from indole with CO2 and Na (B. 48, 3526), 
forms no imide anhydride (B. 28 , 2296). Its nitrile^ m.p. 178®, is 
formed by the action of formic acid ester and sodium upon 0- 
aniino-bei)zyI cyanide, and from j^-indole aldoxime by means of 
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acetic anhydride (B. 43 , 2548). jV,a-DimethyImdole*/i-oarlK'HQrIic 
CjH 4N(CH3)2COOH, m.p. 200° from aceto-acetic ester metiwlphe 
hydrazone, C*H5N(CHj) . N : C(CH3) . CH^ . COOR. \ 

j 3 -Indylacetic acid, skatole-(o-carboxylic acid, (C8HjN)-iJ-CH2^>02H 
m.p. 165°, synthetically from the phenylhydrazone of /J-fo'i'r 
propionic ester (Vol. I.). CjHjNHN : CHCHaCH^COOCgHs, by method 3 
(B. 37 , 1801), is found in the putrefaction products of albumen, besides 
indole, ^atole, and indyM-propionic add, skatoleacetic acid, (CgHjN' 
jff-CHjCHjCOOH, m.p. 134®, obtained synthetically from the pheny*j 
hydrazone of y-aldehydo-butyric acid ester (B. 38 , 2884). Both acids 
are obtained in the disintegration of /•Tiyptophane, ff-Indylalanine, 

C— CnjCn(NH,)CO,T£ ' i. 

, m.p. about 289°, a hydrolytic fission pro- 
NH 
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duct of most proteins. Iron chloride oxidizes it tp /1-indole alde- 
hyde, which formed the basis for its synthetic preparafion. On the 
analogy of hippuric acid/ it combines with benzaldehyde, sodium 
acetate, and acetic anhydride to form a-bcnzoylmninoindylacrylic 
acid lactone, which, on splitting up with caustic potash and reduction 
with Na and alcohol, splits off the benzoyl group and yields racemic 
tryptophane (Ellingcr, B. 40 , 3029; C. 1908, I. 2180). 


C8HflN.CH;C-N:C. Calls 
CO— 6 


CsUeN.CHiC.NH.COCaHa .CUfiH.mi 

COONa ^ 


rOHR 


Under the influence of the bacteria of putrefaction, tryptophane 
splits off CO2 and passes into ca<amiuo-/?-etliylindole, CgHgN.CHg.- 
CHaNHg, m.p. 146°, also obtained synthetically from the phenyl 
hydrazone of y-aminobutyraldehyde by heating with ZnClg (C. 1911, 
1 . 1061). In the dog's body tryptophane is converted into kynurenic 
acid, or y-hydr oxy quinoline- ;?-carboxylic acid {q^v). 

On polypeptides of tryptophane, sec B. 42 , 2331, 4320. 

iV-Met^lmdyl-/?-acetic acid, m.p. 129°, from iV-Methylindole with 
diazoace tic ester (C. 1899, I. 1073). 

Aj9j3-Diethylindolenine-a-carboxylicacid,Coiii^^ ^ccooh, is 

obtained from /1^-diethyl-a-methyl-indoleninc by oxidation, or from 
the corresponding aldoxime, produced from j 3 j 8 -diethyl-a-methyl- 
indolenine with NgOg (C. 1899, 1 . 280; 1900, I. 867). 

\ 9. Indoxyl, /l-Hydroxymdole, 

yellow crystals, m.p. 85°, is formed from indoxylic acid on heating with 
water, with rejection of COg (B. 35 , 1701). By direct synthesis, 
indoxyl is obtained from methylanthranilic acid, CH3NHC^H4COOH, 
and from phenyl-glycine, C^HgNHCHgCOOH, by fusing with sodium 
amide (compare indigo syntheses and C. 1903, I. no, in). The 
indigo-forming indican contained in the indigo plant is probably a 
glucoside of indoxyl (C. 1900, 1 . 1294; II. 874; 1910, 1 . 450). Indoxyl 
dissolves in water with a yellow fluorescence. It is rather unstable, 
and easijy resinifies. In corfeentrated HCl it dissolves with a red 
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^ jpakaline Solution it soon oxidizes in air to indigo blue; the 
^^accelerated by ferric chloride: » 

- 2C8H7ON + 2 p = (CsHfiON)* + 2 HjO. 

iadoxyl. indigo Blue. 

heating with potassium pyrosulphate, indoxyl forms the 
Isium salt of indoxylsulphuric acid, CgHgN.O.SOgK, also found 
urine of plant-eating animals, and in human urine (urine indican) 
Icr the consumption of indole. On heating with acids tlie*salt dis- 
^tegrates with re-formation of indoxyl, which, on treating in the cold 
^vith a little FeCl.^, forms indigo blue (test for indoxylsulphuric acid 

urine). Syntheticedly, the potassium salt of indoxylsulphuric acid 
has been obtained from phenylglycine-c?-carboxylic acid by fusion with 
potash and subsequent treatment with potassium pyrosulphate. 

On shaking up the potash melt of phenylglycine-e-carboxylic acid 
with benzyl chloride, OAT'-dibenzyl-indoxylis formed, m.p. 166° (C. 1897, 

I. 862). Acetic anhydride and free indoxyl yield iV-acetyl indoxyl» 
C8 HqON(COCH 3), m.p. 136'^, and in alkaline solution 0-acetyl indoxyl» 
.C8HgN(OCOCH3), m.p. 126^. OA'-Diacet-indoxyl, m.p. 82*", from 
iV-acetylindoxyl, and also from anthranilino-acctic acid with acetic 
anhydride (B. 34 , 1854; C, 1902. II. 491). 

For the action of halogens upon indoxyl, see C. 1902, I. 1344. 

Indoxylaldehyde, brilliant needles decom- 

posing at 160°, is formed on fusing indigo blue with caustic alkalies, 
besides anthranilic acid, with which it combines in the presence of 
acids with elimination of water to form the so-called chrysanilic acid, 
C^H^ON.CH : NCgH^.COOH (B. 43 , 1971). 

Indoxylic acid, m.p. 123'' with dec., is 


formed by fusion of its ethyl ester with caustic soda. The ester is^ 
prepared : 

I. By (NHJoS reduction of c ritrophenylpropiolic ester or its 
transposition product isatogenic acid ester. An intermediate member 
of this series is indoxanthenic acid ester (B. 15 , 745), obtained by oxidiz- 
ing indoxylic acid ester: 




fC^C.COaR 


1 -AmS >C.C0,R. 


2. By condensation of anilino-malonic ester on heating to 260°- 
265"^ (B. 31 , 1816). 

/COOR fC(OH), 

CelhNllCIl/ >C,uA NcCOOR. 

• xooR 


3. Industrial importance attaches to the formation of indoxylic 
acid from phenyl-glycine-o-carboxylic acid by heating with caustic * 
alkalies • 


xoon 

C.H*< 

^NHCHjCOOH 


NaOIT 


• ^NH— 



* The esters of phenylglycine-o-carboxyUc are condensed to in- 
doxylic acid esters by merely treating ^th Na ethylate solution. The 
A^-acidyl and A^-alkyl derivatives act even more easily. From the 
latter .\ve obtain iV-alkyl indoxylic acid ester (B. 85» 1683, 1699). 

On heati^ with cone. H2SO4, ifidoxylic acid ester gives indigo- 
sulphonic acid quantitatively; this is converted ipto indigo by heating 
with alkali and blovving air through. On heating indoxylic acid ester 
to 240°-26 o‘^ it is, like indolc-a- carboxylic acid, converted into a 
bimolecular imidc anhydride (13. 35, 524). 

It possesses a phenol character, which is indicated by its solution 
in alkdies, from whkh it is again precipitated by carbon dioxide. 
Ethyl iodide converts the salts of indoxylic ester into ethyl indoxylic 
ester, C8H5(0C2H5)N.C02R, which by saponification with baryta- 
water forms ethyl -indoxylic acid. This acid loses CO2 when it is 
heated, and becomes 0-ethylindoxyl, C 8 lIg(OC 2 H 5 )N, which resembles 
indole in its chemical behaviour and irfits odour. Wheq digested with 
hydrochloric acid, ethyliiidoxylic acid yields indoxyl, and by nitrous 
acid is converted inio psciidoisatoximc. 

In many reactions mdoxyl, as well as indoxylic acid, yields product^ 
which are derived from /)se?^^Zeindoxyl, or fi-ketudiJiydroindole, an iso- 
meridc of indoxyl, so that it may be assumed that in these instances 

changes to (compare dihydro- 

resorcinol, phloroglucinol, etc.). 

In tlie second form indoxyl and indoxylic acid react with aldehydes, 
ketones, and ketonic acids — e.g., benzaldehyde, pyroracemic acid, etc. 
— with the production of so-called indogenides. The bivalent group, 

CeH4<^,^>C is termed indogen (H. 16, 2197): 

-CU .C,I U ^ ■ C(CII,)CO,H. 

IndogcniJe of Hen/.ildchyde. Iiidogciiidi; of 1 yroractmiL Acid. 

The indogenides of protocatechualdehyde and of the amino- 
bQuzaldchydes have the character of dyestults (C. 1903, 1. 34). 

Isatin and benzene hydrocarbons also yield indogenides. Isatin 
may be viewed as mdogen oxide, Isatin converts indoxyl (B. 17, 976) 
into the indogenide indirubin: 




i/r-lndo\.yl. 


n.'ilin. 


Indirubiii. 


which is isomeric with indigo blue. The latter is also produced by 
the oxidation of indoxyl (p. 55) ; hence it may be viewed as diindogeil: 


ludigo Blue (Diindogeu). 


Similarly, from indoxyl and thionaplithenquinone we obtain 

/^-thionaphthen-a-iudole indigo, (M. 29, 
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375), and from indoxyl and accnaphthencquinone the violet 
acenaphthene-a-indole indigo, c,n 4 <^^>c (B. 41, 3332). 

^.Ethozy-a-methylindole, CgHjN(O.C2H5)(CH3), melting at 142", is 
obtained from ethoxyacetonephenylhydrazone.CgHgNHN ; C(CH3)CHg- 
OC4H5 (B. 25 , R. 417). 

iV-liydiozyindole-a-carbozylic acid, melting at 159° with decom- 
position, is isomeric with iiidoxylic acid. It results on boiling 
o-nitrobenzylinalonic acid with sodium hydroxide: 


C.H, 


</NO, 

\ciij— cn(cooii)j 




as well as by the reduction of o-nitrophcnylpyroracemic acid with 
sodium amalgam. It is readily reduced to a-indole carboxylic acid. 
Potassium permanganate oxidizes it, with the possible intermediate 
production of phcnylhydroxylaminc-o-carboxylic acid, to o-azoxy- 
benzoic acid, while with chromic acid it yields isatin. It can be very 
easily acidylatcd or alkylated in the NOH-group. 

iV-Methoxyindole-a-carboxylic acid, melting at 185® with decom- 
position, is also reduced to indolecarboxylic acid, and oxidized by 

chromic acid to iV’-methoxy-vf-isatm, Nco, consisting 

of red needles, melting at 110°. Bleaching powder, hydrogen peroxide, 
etc., convert iV-hydroxy indolecarboxylic acid into indoxin. This is a 
blue-coloured, unstable dye, very similar to indigo, but soluble in 
alkalies. When it is dissolved in concentrated sulphuric acid and the 
diluted solution is allowed to stand exposed to the air, indigo separates. 
The yield is good (B. 29 , 639; 30 , 1045, 1052). 

a-Phenyl-hydroxyindole, melting at 175®, is 

formed in the action of concentrated sulphuric acid upon benzoin 
oxime. 

Hydro-indole Derivatives . — Indole may, though with some diffictdty, 
be reduced electrolytically to dihydro-indole, indoline, 

b.p. 221®, which can also be obtained from iV-methylindoline by heating 
with HI and phosphorus (C. 1905, II. 333; 1908, II. 1263). iV-Benzoyl 
indoline, m.p. 119®; nitroso-indoline, m.p. 84®. The reduction of the 
alkylated indoles is more easily effected electrolytically or with Sn and 
HCl. The hydro-indoles or indolines show a behaviour differing con- 
siderably from the mother substance. They closely approach the 
alkylated anilines, and arc related to the tetraliydro-quinolines {q.v.) 
containing a six-membered hydrogenated pyridine ring condensed 
with the benzene nucleus (cyclic homology; compare B. 26 , 1285). 
By means of silver sulphate the dihydro-indoles can be oxidized back 
to indoles (B. 27 , 827). iNT-Methylindoline, CoHoN(CH3), b.p. 216® 
(A. 239 , 246). 

Dih^omel^lindole, a-methyl-indoline, C^HuN, b.p. 227®, has 
been split up into optically active components by means of bromo- 
camphorsulphonic acid (C. 1904, II. 1657). heating with HI 
and phosphorus it yields o-propyl-aniline (C. 1898, IL 714). With 
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malonic acid ester it yields a tricyclic condensation product (B. 26 , 
1298) : 

/[llCHjVpyjpTT 


l3]CO.CHa.CO 


a.^-Dimethylindoline, C10H13N, b.p. 229®. iST-Methyldibydro-/?- 
naphtbo-pyrrole, Ci2HioN(CH3), m.p. 41° (see B. 39 , 3140). 

a,a-Dimethylindoline, >0(011^)2, b.p. 210®, is formed 

on distilling o-/sopropylaniinobenzyl alcohol. The isomeric /JjS-di- 
m^thylindoline, m.p. 35°, b.p. 228®, is obtained by the reduction of 
/?/?-dimethylindolinone, or, better, from the condensation product of 
iso butylidene phenylhydrazone, the trimolecular /^/^-dimethylindolenine, 
r X(CH8)a\ 1 

CoH 4'(^ yCH by reduction (M. 18 , 115). 

N, /?, /J-Trialkyl-a-alkylideneindolines such as Trimethylmethyleneindo- 
line, N(aVa)*/^ • ^ 129'' ; iV’-Phenyl-/?,/?-dimethyl-a-methy- 
leneindoline, b.p.52 208°, and others, have been obtained synthetically 
from the unsymmetrical alkyl-phenyl-hydrazones of suitable ketones, 
and by the thorough alkylation of indoline ; N, /^^-trimethyl-a-benzylidene 
indoline, m.p. 93°, from N /?^-trimcthylindolinone and benzyl magnesium 
chloride (B. 38 , 1359). oxidation they yield indolinones (see below). 

Oxygenated Derivatives of the Dihydro-indoles . — Indolinols and indo- 
linones are also obtained synthetically from phenylhydrazine deriva- 
tives (S. 743): iV,^,)?-TrimethylmdolinoIe, m.p. 

95°, and iV-Phenyl-i$,/?-dimethylindolinole, m.p. 125°, are obtained from 
the unsym. phenylmethyl- and the diphenyl-hydrazone of i6obutyr- 
aldehyde with ale. HI or SnClg or HCl. On heating with HCl, one 
methyl group migrates, and they are converted into trimethyl- and 
phenyldimethylindole respectively (M. 21 , 156). 

i\r/?^-Trimetliyl-a-phenylindoliiiole, m.p. 120°, from N/?/S-trimethyl 
.indolinone with CgH^MgBr (M. 27 , 1223). 

Qrlndolinones can also be regarded as lactams of the o-amino- 
phenylacetic acid series, and have been to some extent already 
described as such. In this connection, special interest attaches to the 
synthesis from acidyl phenylhydrazides on heating with lime (M. 18 , 95. 

527; Cf. C. 1910, I. 876): C.lIjNH.NH.COCH, 

Similar reactions are shown by the propionyl, butyryl, isobutyryl, 
and* phenacetyl phenylhydrazides, and by the propionyl- and isobu- 
tyryl raethylphenylhydrazidcs: ^-methyl-a-indowone, m.p. 123°. 
fi-Ethyl- and fi-phenyl-indolinone, m.p. 102° and 183®; fi-isoptopyl- 
indoliuone, m.p. 106° (C. 1903, II. 887). fi/j-Dimetbyl indolinone, 
m.p. 151®. iV^jJ-Trimethyl indolinone, m.p. 47°, b.p. 265®, is formed 
from the corresponding indolinol, and from the trimethyl alkylidene 
indolines by oxidation. 

Among the oxygenated hydroindole derivatives we may specially 
mention the following substances, forming a transition to indigo blue 
or indigotin: . * 
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j I. Oxindole, a-indolinone^ CQUi<^^^>CO, obtained from aceto- 

phenylhydrazide with lime. It was first obtained by the reduction of 
dioxindole, and easily reverts to the latter in air. It therefore reduces 
ammoniacal silver solution. With N2O3 it forms isatoxime, which on 
reduction becomes amino-oxindole and by subsequent oxidation isatin : 




\NH 

Oxindol. 


l^atoxiiiie. 


AniiiiooMudule. 


/CO\ 


Isatin. 


Oxindolc combines with aldehydes and ketones with elimination of 
water to form coloured compounds showing g( omctrical isomerism 
with the indogenidcs from indoxyl. These are called iso-mdogenides. 

Benzal-oxindole, ; ciiCfllig, sulphur - yellow needles 

melting at 176°. From oxindole and isatin we obtain a substance 
isomeric with indigo blue and indirubin. 

Isoindigotin, (C. 1909, I 1575; II. 832). 

Ozindolealdehyde, yellow needles, m.p. 213°, is 

formed, besides thio-salicylic acid, in the fission of thio-indigo scarlet 
with alkali ( 13 . 43 , 1974). 

2. Dioxindole, is obtained from nitroinandelii' 

acid and from isatin by reduction with zinc dust and acetic acid (H. 37 , 
938). Oxidation converts it back into isatin ami isatliide (see below). 

) 5 -Alkyl- and aryl-dioxindoles, have been obtained 

by transforming isatin by means of organo-magnesium compounds 
(C. 1910, II. 1140). 

3. A,a-Dioxindole, Cuil4'^ yCO, colourless rhombic plates, aceto- 

compound, m.p. 101°, is obtained by reducing o-nitrophenyl acetic acid 
with zinc dust and sulphuric acid. With HNO^ it yields N-hydroxy- 
isatoxime, m.p. 223°, from which by successive reduction and oxidar 
tion A/'-hydroxyisatin is obtained. This easily transposes into the isomeric 
anthroxanic acid under the influence of acids and alkalies (B. 41 , 3921) : 


• ‘\n(OH). 

AT-a-DioxiudoIc*, 


> 


/C ; (NOH)\ 
iV-H ydroxyii,.ito\une. 


/CO \ / C COOH 

N-lIydioxyi=iatiii. Aiitlu'oxanic acid. 


4. iV,a,/?-TrioxindoIe, m.p. lya'" with dec., the 

anhydride of o-hydroxylamino-mandelic acid, is formed by the re- 
duction of o-nitromandelic acid with zinc dust and ammonia. On 
heating by itself or warming with acetic anhydride it splits off water 
and passes into isatin, while, on careful oxidation with KMn04, it 
passes into iV-hydroxyisatin (B. 42 , 470). 

batin, CoH4<^^^j^CO, or Cflti4<^^^c . oh. Its properties are given 

in Vol. II., p. 3ik9. The following methods for its formation may be 
especially mentioned: 
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1. The oxidation of indigo with nitric acid {Method of preparation, 
J. pr. Cli. [2], 24, II ; 25, 434)- 

2. The oxidation of oxindole and dioxindole. 

3. The action of alkali upon o-nitrophenylpropiolic acid, when there 
occurs at first a rearrangement into isatogenic acid, which then loses 
carbon dioxide and becomes isatin: 


c-^c.coou 

0-NitropliciiylpropioJic Acid. 


■evt 


/CO\ 

/ >C.CO,lI- 
\ N _() 

Isatofjciiic Acid. 


.CO. 

•0.114/^ \C(OH). 

Ib.itin. 


If a reducing agent be added to the alkaline solution of the o-nitro- 
phenylpropiolic acid, indigo will result instead of isatin (sec below). 

4. From the easily synthesized isatin-a-anil, >C ; 

isatin is obtained by heating with dilute mineral acids (C. igoo, 
IT. 929). 

5. Oxanilide chloride, • ClCl.fXl : on warming with 

cone. II^SO,, passes into isatin (C. 190b, I. I(K)i). 

Technical importance attaches only to the. processes with trioxindolc 
and isatin-a-anil. 


COOFl 

Behaviour, -—(r) Isafoic Acid, 0^11/ [ , is formed when isatin 

^CO 

is oxidized with chromic acid in glacial acetic acid solution. 

Isatin yields nilrosalicylic acid when oxidized with nitric acid. 

(2) When reduced with ariimoniiirn sulphide we get first isatide, 
CifiHioN.jOj, then dioxindole and oxindole. 

(3) Ammonia and primary amines form Imesatins of the general 
X-NU 

formula which, when digested with alkalie.s, decompose 

again into isatin and amines. 

o-Phenylenediamine yields iudophcnazinc (B. 22, 194, 1030); piperi- 
dine yields a dipiperidyl isatin, C^H-NO(NC‘-,lI^(,).,, which can be con- 
verted into a dye — isatin W/a’ —similar to indigo (B. 24, 136b). (4) Isatin 
condenses, further, with benzene hydrocarbons, phenols, etc., with 
loss of water. It forms with thiophen the blue dye indopJienin, 
(CgHjNO^ - HgO). Similar products are obtained with furan 
and pyrrole (B. 40, 2492). (5) The dark violet alkali salts of isatin 

are derivable from its lactam formula, since benzoyl chloride con- 
verts them into A’-benzoyl-?/;-isatin, m.p. 2o6'^ and methyl and ethjd 
iodides give A'-methyl-yF-isatin and iV-ethyl-y^-isatin respectively, m.p. 
134° and 95”, also formed from iV-methyl- and A^-ethyl -indole by means 
of NaOBr (B. 40, 1291). iV-Acetyl-y-isatin, CeH4(C.,0.,)N.C0.CH.j, 
frbm isatin and acetic anhydride. (6) The hydroxyl or lactim formula 
of isatin furnishes alkali salts; from the solution of the latter silver 
nitrate precipitates silver isatin, QH4(OAg)NO, with which alkyl 
iodides yield 0-alkyl isatins: methylisatin, C 8 H 4 (OCH 3 )NO,^ melting 
at 102®; ethylisatin, C 8 H 4 (OC. 2 H 5 )NO, melting at 88®, which can be 
resaponified to isatin or isatinates. (7) Similarly, two isomeric 
i&onitroso-compounds are derived from isatin: isatoxime and pseudo- 
isatoxime. • 
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Isatoxime, 


c.h/c=noh 


melts at 202® 


with decomposition. 


It 


is prepared from isatin and hydroxylamine ; or from oxindole by 
action of nitrous acid, and when reduced it yields so-called amino- 
oxindol, which can be oxidized to isatin. By the successive action of 
ethyl iodide upon the silver salt we obtain a mono- and a diethyl deriva- 
tive from which isatin (B. 16 , 1706) is formed after saponification, 
which would indicate that the ethyl groups are combined with 
oxygen. 


j/^Sd^eJo-Isatoxime, CgH4<^^>C=N.OH, melting with decomposi- 
tion at 200°, is prepared by the action of nitrous acid upon ethyl 
indoxylic acid. Ethyl iodide converts it into (i) a mono- and (2) a 
diethyl derivative. The first iilone yields isatin, whereas the second is 
converted into iV'-methyl-v;-isatin: ^ 


• .CO . C(N . O . C, 1 15) .CO . C(N . O . CjHg) 

I- / and II. CeH*^ / 

Ps£uioisntin'ethoxime. JV,-EthyI-</>-isatiii-etlioxifnc. 


The reduction of iV-ethyl-v^-isatin-ethoxime produces N-diethyl 
indigo (B. 16 , 2201). 

A dioxime is formed by iV-acetyl-y-isatin and hydroxylamine. See 
B. 29 , 1030, for isatin semicarbazone, C8H5NO(: NNHCONHg). 

Isatin - -phenylhydrazone, C8H5NO( : N . NHCgH-), m.p. 211®, 
from isatin and phenylhydrazine; the isomeric pseudoAs^Mn phenyl 
hydrazone, isatin-a-phenylhydrazone, m.p. 236®, has been obtained by 
transposition of u-methylisatin with phenylhydrazine or by the action 
of diazobenzene chloride upon indoxyl (B. 40 , 1298). 

-'( 8 ) In a similar manner, two position-isomeric isatin anils are 

derived from isatin: Isatin anil, golden- 

yellow prisms, m.p. 221®, and isatin>a-anil, occurring in two modi- 
fications, yellowish-brown flakes and violet prisms respectively, m.p. 
216®, probably corresponding to the lactam and laclim forms of isatin 

according to the formulae : • NCeHj and c«H4<^^C .NllCeHg; 

on heating, the former passes into the latter. Isa tin-a- anil is obtained 
from isatin chloride or 0-methylisatin with aniline, or from indoxyl or 
indoxylic acid with nitrosobenzene (B. 42 , 4269). Industrially, a start 
is made with diphenyl thiourea, which, on eliminating sulphur by 
means of lead carbonate, gives carbo-diphenylimide. This passes into 
its hydro-cyanide on treating with alkaline cyanide and HCN. The 
hydro-cyanide, treated with yellow AmgS, yields a thiamide, which an 
heating with cone. H2SO4, condenses to isatin-a-anil (C. 1900, II. 928, 
929, 1230; 1901, I. 71; D.R.P. 113979)' 


CeHjNHv CeHjNHx fCO \ 

>C.CN-> >:.CSNH,->CeH4l XiNC.H^. 

Finally, isatin-a-anil is also obtained by condensation of the body 
resulting from the action of aniline and flydroxylamine upon chloral. 
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wNitroso-ethenyldiphenylamiduie, ^•^‘^^c.cn:NOH, with cone. 
HjSOi (C. 1900, II. 929). . ' ‘ 

With HjS in acid solution, isatin-a-anil yields a-thio-isatin, 
96ll4(CaOSNH), which easily gives up sulphur and yields indigo, and 
in alkaline lead solution gives isatin (C. 1902, I. 1429). 

AnigS reduces isatin anil in the cold to indoxyl, and on heating to 
indigo (B. 43 , 1379 )- Reduced with sodium hydrosulphite, the isatin 
aniles take up two H-atoms and pass into the colourless isatin-leuca- 
nils, C8H7NO.NHCgHr„ which re-oxidize to isatin anils in air (B. 43 , 
1376). Isatindianil, C^U^(C : NQH^^NH, m.p. 210°. 

(9) On heating isatin with PCI5 in benzene solution we obtain isatin 
chloride, c<,H4<^^^cci, m.p. 180° with dec., which dissolves in 

ether with a blue colour. Reduction with HI in glacial acetic acid or 
zinc dust converts it into indigo blue : 

yCO\ /COv XOv 

2CoH4\ >CCU'? ->CeH4<f >c-c< >C«H4 fzHCl. 


Similarly, the isatins substituted in the benzene nucleus give rise 
to substitution products of indigo blue: Dibromo-, dinitro-, dimethyl 
indigo blue. 

(10) With substances containing a reactive methylene group, isatin 
condenses with elimination of water to form indigoid dyes, resem- 
bling indigo in structure and behaviour. Thus, isatin and indoxyl 

give Indirtibin, C.H4\^n^C : and isatin and )S-hydroxy- 

thionaphthene give the industrially important Thioindigo-scarlet-R, 
CeH4<^g^^C ; (M. 29 , 376); while in the case of isatin 

itself it is always the carbonyl in the /1-position which reacts; 
a-isatin derivatives like isatin chloride, isatin-a-anil, and 0-methyl 
isatin split off HCl, C^HgNHg, and CH3OH, and yield the geometric- 
ally isomeric dyes. Thus, indoxyl gives indigo blue, and /3-hydroxy- 
thionaphthen yields a-thionaphthen-a-indole indigo, Ciba Violet, 

(M. 29 . 377; 31 , 55 ). 

Reactions with isatin chloride and isatin anilide arc also shown by 
phenols which tend to pass into the keto form, like a- and y?-naphthol, 
anthranol, a- and ^-anthrol, resorcinol, etc. They usually form blue 
to bluish-violet indigoid vat dyes. (P. Friedlander, M. 29 , 375, 387; 
30 , 271, 871) e.g . : 


<NH 

*\CH=CH 

a^-Naphthoquinone indegenide. 


CH CO— C =C <^Yl 

C(OH).CH-CH 

Hydroxy-o-benroquinone indogenidc. 


Alkalies break up these dyes more or less easily into anthranilic 
acid and the corresponding aldehydes; 


Compare the analogous breaking up of indigo blue (below). 
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a- and i9-Naphtisatin» CioHe(C202)NH, m.p. 255® and 248° (see B. 21 , 
117; 36 , 1736; C. 1904, II. 71). 

Indigo blue (Indigotin), c«H4<^^>c=c<^pj>CgH4, constitutes 

the principal ingredient of commercial Indigo, derived from different 
IndigofercB, from woad (Isatis tinctoria), and from the Sudan gara 
[Lonchocarpus cyanescens). It occurs in these plants as probably 
a glucose compound of indoxyl, C8Hg0N(CQH^05), c^led indican, which 
splits up into glucose and indoxyl when boiled with dilute hcids, or 
if acted upon with a ferment. If the various portions of the plant be 
covered with water and exposed to the action of the air, the indoxyl is 
oxidized to indigo blue (C. 1898, 11. 203; 1900, 1 . 1294; II. 87411909, II. 
218; B. 35 , 4338). Much synthetic indigo is now made in Germany, 
and has largely displaced the plant indigo from Bengal, Java, and 
Central America. - 

Commercial indigo contains, in addition to 20-90 per cent. 01 
indigo blue, 'various other substances, which have not been well 
studied, like indigo gluten, indigo brown, and indigo which are 
removed by successive treatment with dilule acetic acid, caustic 
potash, and hot alcohol. ... / 

A better procedure consists in first reducing indigo by means 01 
grape-sugar and sodium hydroxide to soluble indigo white, which can 
then be oxidized to indigo blue by the exposure of the^ alkaline solution 
to the air, when the indigo blue will separate in a pure condition (A. 
105 305) 

History , — Indigo was in ancient times highly prized as a dye 
by the-^Oriental nations (Dioscorides, Pliny: tv^tKov, indicum). In 
Europe it found general application in dyeing, from the opening^ up ot 
sea-intercourse with the East Indies in the sixteenth entury. d o-day 
the production of indigo from plants, chiefly in Bengal, java, Central 
America, is about 8,300,000 kg., equivalent in money to about 

$20,000,000. ^ . 

In the period of the alchemists indigo was quite frequently con- 
sidered in Europe as a mineral or metal (compare Schultz : Steinkohlen- 
theer, 2 Auflg., II. 883), presumably because of its copper-like lustre. 
More careful investigations into its chemical nature were first instituted 
in the last century. Erdmann and Laurent observed simultaneously 
(1841) that nitric acid oxidized indigo to isatin, while Fritzsche fouim 
(1848) that aniline resulted when it was distilled with caustic potash. 
Baeyer and Knop (1865) reduced it to dioxindole, oxindole, and indole. 
The latter body Baeyer and Emerling (1869) obtained synthetically 
from o-nitrocinnamic acid, and when Nencki (1874) succeeded in 
oxidizing indole to indigo with ozone, the first synthesis of this interest- 
ing compound was achieved (compare, however, Engler, B. 28 , 312). 
Baeyer and his students (1870-78) demonstrated the constitution and 
synthesis of oxindole or o-aminophenylacetic acid lactam, its conversion 
into isatin, as well as various methods for the conversion of isatin into 
indigo blue. Claisen and Shadwell (1879) also obtained isatin from 
o-aminobenzoylformic acid. Baeyer (1880-82), by a series of new 
S5mtheses of indigo, produced more certain evidence of its constitution 
and found easy methods for its productSon. 
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Out of the many indigo syntheses since devised, that of indigotin, 
discovered by Heumann in 1890 from phenylglycine or phenylglycine- 
o-carboxylic acid with alkali fusion foUowed by oxidation, has gradu- 
ally attained an industrial importance (see C. 1901, I. 1325). 


SYNTHESES OF INDIGO BLUE. 

Most# methods in the direct synthesis of indigo start from isatin 
or indoxyl and their derivatives; even plant indigo probably owes its 
formation to an oxidation of indoxyl. 

(i) Indoxyl is oxidized to indigo: 

+20=C4H4<(^^Pj^C 4-2H20, 

Indoxyl and its derivatives are prepared industrially in two ways: 

(а) The first of these is based upon Heumann's discovery (1890) of 
the formation of indoxyl from anilino-acetic acid or phenylglycine, 
CgHgNH.CHgCOOH, by alkaline fusion. By an addition of sodium 
amide the fusion-point is lowered and made suitable for large-scale 
operations (C. 1903, I. no). 

Analogous to phenyl glycocoll are tolyl-, xylyl-, naphthyl-^, and 
phenyl methyl-glycocoll, which form derivatives of indigo blue; with 
fuming sulphuric acid these bodies form the corresponding indigo 
sulphonic acids (B. 23 , 3043, 3431; 24 , R. 380; 25 , R. 488; 26 , 2547, 

633). Hydroxyethylaniline, C^HgNH.CHgCHgOH (C. 1906, II. 386), 
Etliylendianiline, CJdgNHCHg.CHgNHCgHs (C. 1910, I. izoo)rPhenyl- 
hydantoin (C. 1902, II. 173), Bromaceianxlide, CgHgNHCO.CHgBr, 
and diphenyldiketo-piperazine, fused with potash, also yield indoxyl 
(B. 23 , 3289; C. 1900, II. 581; 1902, I. 476; 1904, I. 771). This 
group of syntheses also comprises the formation of indigo from 

ethylencanthranilic acid, CeH4< >C«H4, by fusion with 

potash (B. 28 , 1685). 

(б) Another method of preparing indoxyl and its derivatives starts 
froTn anthranilic acid (y.v.). The latter is derived from the naphthalene 
abundantly contained in coal-tar. On oxidation with H2SO4 and 
mercury, it gives phthalic acid anhydride, which is converted into 
phthalimide with NH3, and then with bromine and alkali into anthra- 
nilic acid: 






CeH 


/COOH 

*\NH, 


The anthranilic acid is (i) heated with chloracetic acid; or (2) con- 
densed with formaldehyde and HCN and then saponified; or (3) fused 
with polyhydroxyl compounds like glycerine, mannitol, glucose, cellu- 
lose, etc., and caustic potash (B. 43 , 2774). The result of these pro- 
cesses is anthranilino-acetic acid or phe7tylglycine-o-carboxylic acid, 
QQQH, which on further fusion with potash with 

exclusion of air or by heating with acetic anhydride passes into indoxyl 
derivatives, and further into*indigo, as sketched above (see also the 
VOL. F 
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syntheses of indoxyl carboxylic ester and its conversion into indoxylic 
acid and indoxyl, above). 

{2a) Isatin may be converted into isatin chloride and then with 
Zn dust into indigo, or isatin-a-anil is reduced to indigo with AmjS 
(C; 1901, 1 . 867) : 

: NC.H, +4H = + 2 C.H.NII,. 

(26) Isatin chloride and isatin-a-anil condense to indigo when 
heated with indoxyl in benzene or glacial acetic acid, splitting off 
HCl and aniline respectively: 

' /co\ /c(OH)\ yco\ /co\ 

This method permits the preparation of unsymmetrically substi- 
tuted indigotins. 

The following older syntheses (3), (4), and (5) of indigo, carried out 
by A. V. Baeyer and his assistants, have hardly more than a theo- 
retical interest: 

(3) o-Nitrobenzaldehyde condenses with acetone to form ^-hydroxy- 
o-nitrophenylethyl methyl ketone, which is by alkalies clearly split up 
into acetic acid, water, and indigo blue: 


CJh +2CH.,C00H +2ll,0. 

(4) o-Nitrophenylpropiolic acid is transposed into isatogenic acid 
by edkaline reducing agents and, further, to indigo with loss of COg. 


rc ccooH rco^ccooH fco. .co] 

2CeH4] —>2C,llA /\ —>C^uA >C:C< [0*11*. 

Ino, In" o iNir ^NiiJ , 


(5) o-Nitrophenylpropiolic acids can also be converted into 0- 
nitrophenylacetylene by elimination of COg, whereupon its Cu com- 
pound is condensed by potassium ferricyanide to dinitro- diphenyl 
diacetylene ; the latter is converted by alkdi into di-isatogen, and by 
reduction into indigo: 



( 6 ) On carefully heating o-nitro-acetophenone, C^H 4 (N 02 )C 0 CH 3 , 
with Zn dust a sublimate of indigo is formed in small quantities. 

Benzylidene - o - nitroacetophenone, C8H4< (2 mol.), 

splits up into indigo and benzoic acid under the influence of sunlight 
(B. 28 , 2497). 

(7) o-Nitrobenzoylacetic acid, and its 

esters pass into indigo on heating with caustic alkalies and adding 
reducing agents (C. 1908, II. 920). 

^ (8) ^-Hydroxyindolecarhoxylic acid, obtained from o-nitrobenzyl 
malonic ester or from o-nitrophenylpyroracemic acid, passes into 
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indigo on treating it with cone, sulphuric acid and oxidizing 
in air: 


,r H 


Hn(oh)/ 


Constitution of Indigo Blue . — ^The formula adopted for indigo is 
based upon the following facts : 

1. Th*e vapour density corresponds to the molecular formula 

Q6^10^2^2* 

2. The ready formation of indigo blue from indoxyl and isatin, as 
well as its easy conversion into these bodies and into other indole 
derivatives, is an argument in favour of the view that the indigo 

formula is produced by the union of two groups: CeH4<^>C. 

3. That thesQ two residues must be linked to each other by C-union 
is evidenced by the synthesis from di-(o-nitrophenyl) -diacetylene (see 
above), which would indicate that diphenyldi acetylene, CgHgC C — C - 
C . CgHg, is the parent hydrocarbon of indigo. 

4. The formation of iV-diethyl indigo from iV-ethyl-y-isatin shows 
the presence of NH-groups. 

Properties . — Indigo blue is a dark-blue powder with a reddish 
glimmer; it becomes metallic and copper-like under pressure. It 
sublimes in copper-red, metallic, shining prisms. It is insoluble in 
water, alcohol, and ether, in alkalies and dilute acids, and is odourless 
and tasteless. It dissolves in hot aniline with a blue, in molten 
paraffin with a purple-red, colour (this behaviour recalls the various 
colours of iodine solutions), and can be crystallized from these solvents 
in rhombic, strongly dichroic crystals (C. 1900, I. 771). It crystal- 
lizes from hot oil of turpentine in beautiful blue plates. Heated at 
the ordinary pressure, it partially decomposes and is converted into a 
dark-red vapour. The same occurs with decomposition under 30 to 
40 mm. pressure. See B. 18 , 1426, for the absorption spectrum of 
indigo and its derivatives. 

Woollen goods are dyed in two ways with indigo: (i) The wool is 
immersed in the aqueous solution of indigotin sulphonic acid, which 
fixes itself directly (Saxony blue dyeing); or (2) the indigo blue is 
changed by fermentation to indigo white (indigo vat), the cloth 
saturated with the latter and exposed to the air, when indigo blue 
forms and sets itself upon the fibre. 

Indigo combines with both acids and alkalies. Thus, by dissolving 
indigo in glacial-acetic-sulphuric acid and adding ether, the crystalline 
sulphate, • S04Ha, is obtained (A. 326 , 196). 

^ On treating indigo with cone, aqueous caustic soda or sodium 
alcoholate solution at Ordinary temperature, we obtain an addition 
product, QgHioNaOa-NaOH, in the form of a dark-green powder dis- 
sociated by V^rater, which, on strong action by alkali, splits up into 
a-indoxyl ddehyde and anthranilic acid (B. 43 , 1971) : 


HO 
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Derivatives and Substitution Products of Indigo Blue. — Compare 
Ch. Ztg. 86, 1158. 

The substituents are usually indicated by the following scheme: 



On treating with alkaline hydroxylamine solution indigo gives a 
monoxime, CigliioNoO(NOH), brownish-violet needles, m.p. 205° with 
dec. (B. 31 , 1252). 

Symmetrical substitution products of indigo have been obtained 
from substituted phenylglycines (B. 41 , 3796), phenylglycine-o-car- 
boxylic acids, isatins, o-nitroacetophenones, o-nitrophenyl lactic acid 
ketones, etc?; unsymmetrical ones by condensation of substituted 
isatin clilorides and a-isatin anils with indoxyl. Special technical 
interest attaches to the halogenated indigotins, out of which those 
substituted in the 5 and 7 positions are particularly distinguished by a 
greenish tint and great permanence. Substitution in the 6-position 
yields reddish- violet dyes: 5,7,5',7'-tetra-chlorindigo, Indigo, 
and 5,7,5',7'-tetra-bromindigo, Ciba Blue. 

They can be obtained by the direct halogenation of indigo in the 
absence of water, best in warm nitrobenzene solution (C. 1908, 1. 1014) ; 
or in cone. H2SO4 or cold chloro-sulphonic acid; or by the action of 
halogen upon the sodium bisulphite compound of dehydro-indigo 
(B. 42 , 4408; 43 , 937). A specicxl interest attaches to 6,6"-dibrom- 
indigo, dark violet crystals with a coppery lustre, which has been 
found to be identical with the purple of antiquity, gathered from the 
secretion of the Purple Snail, Murex hrandaris. It colours the fibre 
a dark violet merging into red (Friedlander, B. 42 , 765). 7,7'-Di- 

methyl indigo (sec B. 42 , 3641). iV^Dimethyl indigo, CgON.- 

C2H5)2, from ethyl-y-isatin ethyl oxime. 

a- and ) 9 -Naphthindigo are produced from naphthylglycines by 
fusing with alkali and subsequent oxidation according to method 
(ifl) for indigo blue (B. 26 , 2547). Also from the naphthindoxylic acid 
esters obtained from naphthyl-amino-malonic acid esters (B. 32 , 1236). 

In cone, sulphuric acid, indigo dissolves with a green colour. Only 
after prolonged heating of the solution does indigo monosulphonic acid, 
” Phcenicinsulphuric acid,” C15H9N2O2 . SO3H, appear, which is precipi- 
tated by water as a blue powder, and forms salts soluble in water. 
Indigo isulphonic and trisulphonic acids (C. 1899, II. 1052) are pro- 
duced by strongly fuming sulphuric acid; the disulphonic acid forms 
alkali salts soluble with difficulty in salt solutions. It is used com-' 
mercially under the name of Indigo carmine as a kind of dough. That 
the sulpho-groups of this acid are in the ^-position towards the two 
imino-groups results from the synthesis of disulphonic acid by means 
of anthranilino-acetic-/>-sulphonic acid (B. 34 , i860). 

Indigo-dicarboxylic acid, CigH 8 N 202 (C 00 H )2 is formed from o-nitro- 
phthalaldehydic acid, C4H8(C00H) as indigo is formed from 

o-nitrd-benzaldehyde. 
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The oxidation of indigo with PbOj, Ag^O, or KMnO^in indifferent 
solvents (best on adding a little glaci^ acetic acid) produces debydio- 

indigo, m.p. 210”- 315° with dec., dark 

yellow plates. It is much more soluble in organic solvents than 
indigo, has a strongly oxidizing character resembling quinone, and 
easily reverts to indigo by reduction. It combines with two molecules 
of acid to light yellow salts. With sodium bisulphite it yields a 
beautifully crystalline addition product, CioH8N202,2NaHS03 +2HaO, 
of a brilliant canary colour, from which halogenated indigotins are 
obtained by halogenation in aqueous solution and subsequent decom- 
position of the resulting bisulphite compounds by boiling in dilute 
acids (B. 42 , 3642, 3653). 

Indigo white, is obtained by the reduction of indigo 

blue with Zn dust and alkali, hydrosulphite, or electrolysis (C. 1899, 
II- 235). It can be precipitated from its alkaline solution by hydro- 
chloric acid (air being excluded) as a white crystalline powder, soluble 
in alcohol, ether, and the alkalies, with a yellowish colour. As it 
results from indigo by the addition of two hydrogen atoms, and 
because of its phenol-likc nature, it is represented by the formula of a 

di-indoxyl: It rapidly re-oxidizes 

to indigo blue by exposure to the air. On acyl derivatives of indigo 
white, see B. 34 , 1858; 36 , 2762. 

Indigo red and indigo purpurin are isomerides of indigo blue. The 
first occurs in commercial indigo, while the second is produced, together 
with indigo, from isatin chloride. 

Indiruhin, the indogeiiide of pseudo-\sdX\n, and indin, formed from 
isatide by fusion with caustic potash, or from dioxindolc, are identical 
with indigo purpurin (B. 28 , 540). 

8 . Dibenzofuran, diphenylene oxide, 

yCH\ XH\ 

cir X — CH 

I 11 II I . 

melting at 81° and boiling at 288°, occurs in small quantities in ** stubb- 
fat," and may be obtained synthetically (i) by distilling phenyl 
phosphate with lime ; (2) by the same treatment of phenol with lead 
oxide; (3) on conducting phenyl ether through tubes heated to redness; 
(4) by decomposing the diazo-derivative of c?-ami no-phenyl ether with 
sulphuric acid (compare B. 29 , 1876) ; and best by the action of dilute 
acids upon the tetrazo-compound of o-diamino-diphenyl (B. 25 , 2746) : 

-C,H, ^ 

\nh, nh,/ \0/ 

Bromine converts diphenylene oxide into dibromodiphenylene oxide, 
melting at 185°. Fuming nitric acid changes to dinitrodiphenylene 
odde, melting at 200°. Diaminodiphenylene oxide, melting at iSS**, 
}delds valuable substantive azo«dyes. Acetyldiphenylene oxide melts 
at 81° (see B. 24 , R. 744), 
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9. Dibenzothioplien, diphenylene sulphide, 

I II II 1 . 

melting at 97° and boiling at 333°, is produced when phenyl disulphide, 
(CjH 5)2S2, and phenyl sulphide, (CjHs)2S, are distilled through tubes 
heated to redness. Chromic acid oxidizes it, in contradistinction to 
thiophen, to diphenylene sulphone, (CgH4)2S02, melting at 230°. 

^ -pj Q pp 

Dinaphthothiophen, XO ^^.0 

melting at 147°, is constituted 
s 

analogously to dibenzothiophen. It results when concentrated sul- 
phuric acid acts upon dioxydinaphthylene sulphide (B. 27, 3002). 

10. Dibenzopyrrole, diphenyleneimine or carbazole, 


II 

CH. 


/CH\ 
—C'^ XU 

I) II > 

X\ Xfl 


melting at 238° and boiling at 351°, occurs in crude anthracene. It is 
withdrawn from it as potassium carbazole by fusion with caustic 
potash. It may be synthesized: 

(i) By conducting diphenylamine through tubes heated to redness; 
(2) by heating thiodiphenylamine with copper in powder form; (3) by 
distilling o-aminodiphenyl with lime (B. 24, 306); (4) by heating 0- 
diaminodiphenyl with acids (B. 25, 133); (5) from o-aminodiphenyl- 
amine through the diazo-compound. The phenylbenziminazole, pro- 
duced at first, yields, when exposed to a higher temperature, nitrogen 
and carbazole (A. 291, 16) : 




Behaviour , — Carbazole gives the pine-shaving reaction and the blue 
coloration with sidphuric acid and isatin, just the same as the pyrrole 
and most of the indole derivatives. This and its other deportments 
would justify the conclusion that it is dibenzopyrrole or benzoindole — 
e.g,t tetrahydrocarbazole, w'hen fused with potassium hydroxide, breaks 
down into a-indolecarboxylic acid : 






Csirbaiol 


\ 


-C,H, (3) 

?c,n.(4) 


(S) 


HC 








NH'^ 


XH 


/ 


CH 


CH 
-> I 
CH, 








CH, 

(!h. 
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Carbazole, like pyrrole, is a very feeble base. It forms a stable salt 
with picric acid; the picraie melts at 182®. Nitrous acid converts it 
into nitrosocarbazole, • NO, melting at 84®. Heated with potash 

it yields potassium carbazole, (C^HJaNK. Alkyl iodides convert this 
into iV-methylcarbazole, (CgH4)NXH3, melting at 87®, and JV-ethyl- 
carbazole, (C^HJaN.CgHg, melting at 68®. Carbazole and acetic anhy- 
dride yield N-acetylcarbazole, . COCH3, melting at 69®. Chlorine 

produce^ various chlorcarbazoles ; nitric acid, nitrocarbazoles (A. 202 , 27; 
B. 29 , R. 292, 650, 1112). When carbazole and oxalic acid are fused 
together, Tricarbazylcarbinol or Carbazole Blue results. Dimethyl 
carbazole, (CH3.CgH3)2NH, melting at 364®, is made from o-toluidine 
by the pyrogenic method (B. 29 , 2594). 

Hydrocarbazoles. — Tetrahydrocarbazole, melting 

at 1 19®, results from the reduction of carbazole, as well as from the 
phenylhydrazone of ketohexamethylene, analogously to Fischer’s 
indole synthesis. It behaves like an alkyl indole (compare hydro- 
naphthalenes). When acted upon by alkyl iodides or with chloroform, 
it passes in a similar manner into acridine derivatives, just as the 
indoles become quinoline compounds (Gaz. chim. ital. 24 , iii). By the 
potash fusion it, like the alkyl indoles, yields indolecarboxylic acid 
(see above and B. 26, 2006). Tetrahydrocarbazolecarbozylic Acid, 

melting at 230®, is formed from the phenyl- 
hydrazone of ketohexahydrobenzoic acid (B. 22, 2185). Hezahydro- 
carbazole, melting at 99® and boiling at 267®, is a 

strong base (A. 163 , 352), just like the pyrrole and indole hydrides. 

The following arc similar to carbazole in method of production and 
in their behaviour: 


Napht^o-ftenzopyrrolc. 


Dinapbtho-pyrrolc. 


CidH8\. 

C,Hd/ 


:NH. 


Phenanthro-benzopyrrole. 


Of the three possible isomers [1,2]-, [2,1]-, and [2,3]-naphtho- 
benzopyrrole, m.p. 225®, 135®, and 330® respectively, the first two 
have been obtained from a- and i^-naphthol with phenylhydrazine; 
the second also from 2,3-hydroxy-naphthoic acid with phenyl^drazine 
and subsequent elimination of CO2 (C. 1901, 11 . 427); the last is found 
in crude anthracene. Dinaphthopyrroles are known, with melting- 
points at 155® [sym. 1,2 isomer], 231® [1,2,2',!'], and others (compare 
C. 1903, I. 588, 883). 

Phenanthro-benzopyrrole, a^-diphenylene indole, m.p. 189; phen- 
anthro-naphthopyrroles, m.p. 220® and 225®. 

POLYHETERO-ATOMIC FIVE-MEMBERED RINGS. 

The acetals and mercaptals of ethylene glycol — e.g., ethylene 
ethylidene ether (I.), and ethylene ethylidene sulphide (II.) ( 1 . 317, 324) — 
are five-membered rings with two O- or S-atoms. This is dso the 
case with the ethylene esters of the carbonic acid group — e.g», carbonic 
ethylidene ester (III.), and trilhiocarbonic ethylene ester (IV.) (I. 434), 
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the ethylidene esters of a-oxyacids — e.g,, lactic ethylidene ester (V.), 
and chloralide, its chlorination product (VI.). 


I. 

II. 



• CII,— 0\ 

III. • „ \co 

CII, — 0 /^ 

CH, CH-0\ 
CO— 0 / 


CH,— S\ 

IV. . >CS. 

CH,— S/ 

VI CCI,.CH-0\^ 

CO— 


Several five-membered cyclic esters and amido-derivatives have 
also been obtained from phosphoric acid (see B. 31, iiii, etc.). 


AZOLES. 


There is another group, of greater importance than those discussed. 
It comprises the bodies containing polyhetero-atomic five-membered 
rings, which are embraced under the name azoles (A. 249, i ; B. 24, 2824; 
B. 22, R. 737). They contain as hetero-atoms N and O, N and S, or 
only N-atoms. We may view them as derived from the monohetero- 
atomic rings — ^furan, thiophen, and pyrrole — by the replacement of 
methine groups by N-atoms, whereby, as previously indicated, the 
stability of the ring is very slightly affected. Viewing the numci ous 
classes of bodies belonging here as nitrogen substitution products of 
the monohetero-atomic rings, we arrive at a natural systematization 
of the former, and also reach a simple nomenclature for them, whic h 
in many instances is quite similar to the names which have become 
peculiar to the individual groups. The individual azoles, depending 
upon whether they are derived from furan, thiophen, or pyrrole, by 
the replacement of one, two, or three CH-groups by N-atoms, are 
designated as furo-monazoles, thio-diazoles, pyrro-triazoles. To dis- 
tinguish the metameric rings the methine groups of furan, etc., 

[b]CH =:CH[a] 

are termed [a], [aj, [b], [bj | >R, and the substituents as 

[b,]CH=CII[ad 

Py Pi (P- 13), SO that we distinguish furo-\sLymonazole, /wro-[b]- 
monazole, pyrro-lasLiydiazole, pyrro-[B.h]-diazole, pyrro-[sL\]-diazole, etc. 
Retaining the names of the individual bodies and the groups introduced 
by their discoverers, there will in the following pages be placed at the 
beginning of each individual group the names resulting from the intro- 
duction of the nomenclature just described. This will render the 
constitution and the position of the azoles in the system, which follows, 
very evident: 


CH-CHv 

1 >0 

CH=C1V 

CH =CH. 

CH=CIL 

1 

1 

ch=ch/ 

cn^civ 

Furan. 

Thiopkeo. 

Pyrrole. 

CH=N V 

CH=N V 

CH=N V 

.yruro-faj-monazole, 

1 )>s 

CH=CH/ 

1 >NH 

CH=CH/ 

Thjo<*[a]-monazoli, 
Comp. Bcmisotlxiazol 

/Pyrro-[aJ-monazole, 

Isoxazole. 

Pyrasole. 
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N=CH. 

I >o 

CH=CW 

"'^Furo- [b]-mon azole, 
Oxazoles. 


CH=Nv 

I >o 

^iuro-[.iail-diazoJe, 

Furazaus, 


N— -N 

I 

cii:^crr 


>° 


XlM 


N=-CK^ 

CH=CH"^ 

o-[b]-monazolc, 

iThiazoIes. 


Thio-I 


CH=Nv 


V-fXi = X-M 

azo!( 
:s. 


Thio-( aa,l-diazo!es, 
Piazthiolcs. 


N^-N 

CH=--CH' 


N=CHv 

<!;h=ch/ 


NH 


'i’yrro-[b]-monazole, 
Imidazoles, Gly* 
oxalines. 


CH=:Nv 


.I:h=n-^ 

Pyrro-[j 
Osol 

iH. 


Nil 


Pyrro-[aai]-dIazoIe, 

Osotriazole. 

N---N . 

>NH 
CH^ 


F'uro-[abl-(li azole, 
Anhydi ides of o-Diazo 
phenols. 

Thio-[ab]-di azoic, 

Phen ylen ediazo- 
sulphides. 

Pyrro-[abj-diazole. 

N=CIL 

N=CH. 

N=CH. 

1 )>0 

1 

1 >NH 

N^-CIV 



Fui o-[bb2]-d! .iznle, 
Otydiazoles. 

Thio-fbbjl-diazole, 

Thiodt<izoles. 

PyrrG-[bbil-diazole. 

N -rCll 

CH -N 

N-— CH. 


1 

1 >nh 

CH.-N / 

CH=rN / 

Furo-[abj]-dinzole. 

ThiO'[abj]-diazolc. 

Pyrro-[abJ-diazole, 

Tnazoles. 

N N. 


N --Nv 

1 )>o 

1 

1 Vh 

CH =N/ 

CH 


Fiiio-[.iaib]-tria7<)lo. 

Thio-[aajb]-tria7olc. 

Pyrro-faab|]-triazole, 
Tetr azoles. 

N-CH, 

N-cn. 

N=C1L 

>o 

1 )>s 

1 >NH 

N^N ^ 

N=N 

N=N / 

Fnro-[abbi ]-tria/-ole 
(Comp. B. 29, 2492). 

Thio*[abbJ-triazoles. 

Pyrio-[abl>i]-tnazole, 

Tetrazoles. 

N-^N. 

N=N. 

N=N. 

yo 

1 )>s 

1 >NH 

N=N^ 

N=N'^ 

N=N'^ 

Furotetrazole. 

Thiotetrazole. 

Pent azole. 


The parent substances of all the rings just given have not been 
prepared. In most instances, however, their next homologues are 
known; in some cases only the 6(?wzo-derivatives, Only single repre- 
sentatives of the furo- and thiotriazoles are known at the present time. 
It is, however, not impossible that by synthesis these rings, consisting 
mainly of inorganic elements, may be multiplied and the system 
extended. Indeed, we may succeed to such a degree that the purely 
inorganic rings — e.g., those constructed from four N-atoms and an 
NH-group — will be prepared. This would be a ring homologue of 
hydrazoic acid. From the standpoint of a nitrogen chemistry the C- 
containing rings could be as readily evolved from the nitrogen ring by 
replacing the N-atoms with CH-groups, as was suggested above in the 
reverse case. 

The derivation of these ring systems from furan, thiophen, and 
P3n:role, enables us to regar^ the chief formation methods of the 
azoles as the analogues of the general formation of furans, thiophens, 
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and p3mroles from aS-diketones and oS-diolefine glycols. The ultimate 
azole generators are obtained by making the " azo-substitution ” in 
the 1,4-diolefine glycol chain — e.g. : 


.C- C(OII), (SH.NH,) 

.C=C(OH) 

ad’Diolcfine glycols, alone, with 
PjSj, with miy 

.C= N(OH). (NH,) 

.C--C(OH). (SH) 

ay-DiUetone-oximes (-hydrazones) 

(o-N itrobenzylmercaptan). 

N=C(OH). (SH.NHa) 
.C=C(OH) 

Ketonyl derivatives of anudes (-tliiamides, -amidines). 

.C=N(OH), (Nil,) 

.C=N(OH). (NH,) 

a)3*Diketonc>oximes (•hydrazoximes, -osazoncs). 

.C-:=N(OH). (NHa) 

N=C(OII). (SH) 

Acidyl-amidoximes (-h ydrazidincs, 
Thioacjdyl-amidoximes). 


;=_^o,(s,NH) 

Furans, Thiophens, Pyrroles. 


.C=N\ 


(S.NH) 

Furo-, Thio-, Pyrro-[ciJ-monazoles. 


N=C\ 

.c=c> 

Furo-, Thio-, Pyrro*[b]-monazole3. 

F“uro-, Pyr'‘o-[aaj]-diazoles. 

Furo-, Tbio-, Pyrro-[abil-diazoles. 


N-:C(OH). SH.NHa) - 

N = C(OH) 

Diacylhydrazincs, alone, with P 2 S 5 , with NHj. 

.C.'=C(OH), (SH.NH 2 ) 

N=N(OH), (NH,) 

o-Diazo-ketones (-thiopheiiols, -anilines, etc.). 


Furo-, Thio-, Pyrro-[bbi]-di azoles. 


^ ‘)C, (S.NH) 
N=--N/ 

Furo-, Thio-, Pyrro-[ab]-diazules. 


.C=N(NH2) 
N N(OH) 

Diazobydrazidea. 


.C = N\ 

n=n/ 


NH 


Pyrrotriazoles, etc. 


It is useful to compare the above scheme with the proces!5CS 
detailed below. 

The numerous and important pyrazoles, together with their benzo- 
derivatives, the indazoles, consisting of dihetero-atomic rings, will be 
next discussed; then will follow the isoxazoles, with their ^m;2:o-deriva- 
tives, the benzisoxazoles. After this will appear the glyoxalines or 
iminazoles, the oxazoles, and the ihiazoles, sometimes in conjunction with 
their benzo-derivatives, which it is customary to consider under the 
name of anhydro-bases, because they are formed from o-diamines, 
o-aminophenols, and o-aminothiophenols with carboxylic acids by the 
exit of water. In the trihetero-atomic rings, again, the groups of the 
pyrrodiazoles or triazoles are placed first; the azimides ojidpseudo-azi- 
mides belong to their benzo-derivatives. Attached to these are the 
furodiazoles: the furazans, diazo-oxides, oxydiazoles, uizoximes; and 
the thiadiazoles : azosulfimes, thiodiazolines, piazothioles {piaselenoles), 
thio-[ahydiazale$, and phenylenediazosulpjiides. The triazsulpholes and 
tetf azoles conclude the list. 
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I. PYRAZOLE OR PYRRO-[a].MONAZOLE GROUP. 

Pyrazole, C3H4N2, may be regarded as derived from pyrrole by 
replacement of a methine-group adjacent to an NH-group by nitrogen 
-^yryo-{di]-monazole (see above). See 3-methylpyrazole for details in 
regard to the constitution of pyrazole. There are a dihydropyrazole or 
pyr azoline and a tetrahy dr opyv azole ox pyrazolidine corresponding to the 
di- and tetrahydropyrrols. 

Ketb-substitution products of these hydrogenized pyrazoles are 
ketopyrazoline or pyrazolone, among the derivatives of which is the 
febrifuge antipyrine, ketopyrazolidine or pyrazolidone, and diketo- 
pyrazolidine, corresponding to the butyrolactam or pyrrolidone and 
succinimide. The subjoined diagram indicates the relations existing 
between these pyrazole and the pyrrole derivatives: 


CH=CH\ CH-CH\ CH-CH\ 

I >NH I >NH I >NH 

CH-CH/ CHj.CHg/ CHj— CO/ 


[Pyrrolone].* 


CH„-CH,\ CH.— CH-\ CH,—CO\ 

I ‘ *>NH, I * *Vh I >NH 

CHj— CH,/ CH,— CO / CHa— CO/ 

Pyrrolidine, Tetra- Pyrrolidone, Ddcetopyrrol- 

methylene imme. Butyrolactam. idine. « 


CH=N \ CH«N \ 

1 >NH I >N 

CH«CH/ CHo— CHj/^ 

Pyrazole. Pyrazolme. 


\ CH=N 
/ CH,-C 


H:=N \ CH.— NH\ 

I \nH 

CO/ dHj— CHj/ 

Pyrazolone. [Pyrazolidine]. 


CH, . NH\ CO — NHv 

I >NH 1 >NH 

CHj.CO/ CH,— CO/ 

fPyrazolidone]. 3,5-Diketo- 
pyrazolidine. 


' Pyrazole, CgH^Ng, melting at 70® and boiling at 187®, results from 
epieWorhydrin, hydrazine hydrate, and zinc chloride (B. 23 , 1105). A 
better method consists in splitting off COg from its carboxylic acids 
(B. 26 , R. 282), or in the action of bromine upon pyrazoline (B. 29 , 
775). It is a feeble base; its salts are unstable. It does not combine 
with methyl iodide. An ammoniacal silver solution precipitates 
silver pyrazole, CjHgHgAg, corresponding to potassium pyrrole. The 
platinum double salt, (C3H4N2.HCl)2PtCl4, at 200®-2io®, loses four 
molecules of hydrochloric acid and becomes {C3H3N2)2PtCl2 (B. 26 ^ 
R. 185). ^-Acetylpyr azole, boiling at 156°, and 1^-^enzoylpyr azole, 
boiling at 281®, result from the action of acetyl chloride and benzoyl 
chloride upon pyrazole (B. 28 , 716). 

• The pyrazole derivatives are designated in the following manner: 

(3) CH^=^N (2)v 

I >NH (i) (or N) ; the numbering proceeds from the imine 

( 4 ) c!:h..-ch( 5 K 

group, beyond the second nitrogen atom. 

I. Homologous Pyrazoles are formed: 

' (i) From the hydrazones of the ^-diketones and jS-ketone aldehydes 
or hydroxymethylcnc ketones. As a rule, the reactions proceed 
smoothly with the elimination of water, when the ketones are digested 
with the hydrazines: 

CeHg.C— CH^C.CHs 

CeHftCO.CHa.CO.CHj+CeHj.NH.NH,- \\ | + 

JST-— — — NC,H5 

Benzoyl acetone. 5-Methyl-i,3-diphcnyl pyrazole. 

By this procedure the unsymmetricai jS-diketo-compounds yield 
two isomeric pyrazoles; this is because the two possible hydrazones are 


• The parent substances, (Jhclosed in brackets, are only known in the 
derivatives. 
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formed. In the example cited the i,5,3-&o<i[y is produced, together 
with 1,3,5 -diphenylmethylpyrazole. The oxalyldiketones (I. 597; 
II. 640) and phenylhydrazine 5aeld the bis-phenylalkylpyrazoles : 
RC =-CH— C— C— CH =CR 


II II - I (A. 278,295). 

CjHjN N N— -NC.H, 

(2) By the elimination of carbon dioxide from the homologous 


pyrazolecarboxylic acids. 

(3) By the loss of hydrogen from the pyrazoline. Frequently, in 
reactions where pyrazolines may well be expected pyrazoles appear. 
This is true of the interaction of the hydrazines and cpichlorhydrin; 


CHj— CH— CHjCl + NHa.NHC.H, CH,— CH = CH - 2 H CH— CH =CH 

\ — >1 I — >11 I 

O '' NH- N.CeH, N N.C,H, 

Epichlorhydrin. (iV-Fhenylpyrazoline). iV-Phenylpyrazole, 


(4) Pyrazoles also result upon distilling pyrazolones or pyrazolidones 
with zinc dust or (B. 26, 103), or on healing them with phosphorus 
tribromide under pressure (A. 352, 322). 


Clla— COv 


Phefiylmethylpyrazolonc. 


CII=CHs 


Phciiylim-thylpyrazole. 


(5) Certain hydrazones of mono-ketones yield pyrazoles when they 
are heated with acid anhydrides (Bull. Soc. Chim. [3], 11, 115; see 
B, 28, 703, Anm. 4) : 


CHg.C-rN— NHCJIg 

in, 

Acetophcnylhydrazonc. 


+ (cn3.co),o— > 


CH3.C-N 

I >N.CeH6+CH,.COOH. 
HC = C.C1-K 

1 , 3 , 5 -Pli en yidimeth y] py razol e. 


'Behaviour . — The homologous pyrazoles may be arranged in three 
groups: (i) Pyrazoles with free imiiie-group; (2) iV-alkyl substituted 
pyrazoles, which can be obtained from the first class (or their silver salts) 
by the action of alkyl iodides — best by the distillation of the iod- 
alkylates (B. 28, 716) with an excess of alkyl iodide — or from /9-dik^- 
tones and alkylhydrazines; {3) iV-phenyl substituted pyrazoles, which 
are made through the phenylhydrazines, and are chiefly distinguished 
by their stability and power of crystallization.^ ^ 

All pyrazole homologues are feeble bases. They form double salts 
with silver nitrate, mercuric chloride, and platinic chloride. The 
platinum double salts, like that of pyrazole, part with 4HCI on heating, 
and become R-^PtClg (R = the pyrazole residue). They usually com- 
bine with alkyl iodide to form ammonium compounds (see above). 

Potassium permanganate oxidizes the C-alkyl pyrazoles to pyrazole- 
cajboxylic acids, in contradistinction to the pyrroles, which are 
destroyed by this reagent (B. 22, 172). 

, '^^In the iV-phenyl p5n:azoles during the oxidation the phenyl group 
is often split off and replaced by hydrogen. This is particSarly 
true if it be aminated. The behaviour is quite different during reduc- 
tion. Pyrazoles with the free imine-grou^ are but slightly altered by 
the teduqjl® agents (A. 278, 266). iV-Phenylpyrazoles are reduced to 
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pyrazolines (p. 83), which yield intense colorations with ferric chloride, 
chromates, etc. ( Knorr’sAvr azoline reaction^. In more energetic reduc- 
tions trimethylenediamine derivatives are formed by the rupture of the 
union between the N-members. In some iV-phenylpyrazoles the 
reduction is accompanied by the splitting off of the phenyl group as 
benzene or some similar group. 

The iodo-alkylates of the iV-alkyl or aryl p5n-azoles decompose on' 
boiling with KHO, splitting off symm. dialkylhydrazines (B. 39 , 32 S 7 : 
42 . 3523) : CH<?« =NCH.I^PH ^HNCH, 

^ • ^ 1 - \cH— NCH, HNCH, 

' (i) Pyrazoles with Free Imine Hydrogen: 3- (or 5-) Methylpyrazole, 
C4HeNa = CHa . C— N — —N 

1 1 (sec below), is an oil boiling at 204®. It 

CH — ~ C H 

results — 


{a) From the interaction of hydroxymetliylene acetone and 
hydrazine. 

(6) From its carboxylic acids. 

(c) As well from 1,3- as from 1,5-phenylmethylpyrazole by elimina- 
tion of the phenyl group through oxidation (A. 279 , 217-225). 


The last two methods show conclusively that 3-mcthylpyrazole and 
5-methylpyrazole are identical. It is concluded, therefore, that 
pyrazole, like benzene, possesses ‘‘oscillating linkages”; the imine 
hydrogen atom is capable of oscillating between the two N-atomj 
(Knorr, A. 279 , 188). The formula presented above for pyrazole is 
supposed to represent this condition. 

I I 

3,5 -Dimethylpyrazole, NH — N = €(€113) — CH = C(CH3), melts at 
107® and boils at 220®. It is obtained from ace lylace tone and hydrazine, 
and from 1,3, 5-phenyl dimethylpyrazole by reduction [elimination of 
the Qe^^-group) (B. 25 , R. 163, 744). 


3,4,5-Trimetbylpyrazole, NH — N =C(CH3)— C(CH3) =C(CH3), melt- 
ing at 138® and boiling at 233®, is obtained from methylacetylacetone. 

3.44>5-TetramethylpyrazoIe,N =C(CH3)— C(CH3)2 — C(CH.j) =N, melting 
at 50®-55® and boiling at 243®, is formed from dimethylacetylacetone 

CJigC— N— — N 

(A. 279 , 244, 247). 3- (or 5-) Phenylpyrazole, 1 I , melt- 

CH CH 

ing at 78®, is formed from benzoylacctaldehyde (B. 28 , 696). 

Isomeric 4-Phenylpyrazole, melting at 228®, is obtained from 1,4- 
phenylpyrazolecarboxylic acid (A. 279 , 254; B. 27 , 3247; 28 , 223, 699); 

3,5-Pheiiylmethylpyrazole, NH — N ==C(CH3) — CH=i(C8H5), melting 
at 128® and boiling at 317'’, has been prepared from benzoylacetone 
(A. 279 , 248), as well as from phenylmethylisoxazole, on heating with 
alcoholic ammonia (B. 28 , 2952). 

(2) Pyrazoles: iV- (or i-) Methylpyrazole, C3H3N2.CH3, 

boiling at 127®, is formed in the interaction of silver pyrazole and 
methyl iodide (B. 26 , R. 281; 28 , 716). i,3-Bimethylpyra2SOle, 
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C3H2(CH3)N2.CH3, boils at 150° (A. 279 , 231); 1,3,5-Trimethylpyrazole, 
C3H(CH3)aN2CH3, melting at 37° and boiling at 170°, crystallizes in 
combination with one molecule of chloroform. 1,34,5-Tetrametbyl- 
pyrazde, C3(CH3)3N2CH3, boils at 190° to 193°. These compounds are 
also formed from acetylacetone and methylacetylacetone by the 
action of methylhydrazine (A. 279 , 232, 235). 

{3) IH’Phenyl Pyr azoles.— N- (or i-) Phenylpyrazole, C3H3Na.CeH6, 
melting at 11° and boiling at 246®, with sp. gr. 1.1125, is obtained 
from epichlorhydrin and phenylhydrazine (see above), as well* as from 
its carboxylic acids. It yields, upon reduction, phenylpyrazoline, 
together with phenyltrimethylenediamine. iV-Tolylpyrazole, C3H3- 
N2.C7H7, melting at 33® and boiling at 259°, yields in like manner 
tolyltrimethylenediamine (Gaz. ch. ital. 18 , 354). i-Phenyl-3pmethyl- 
pyrazole melts at 37° and boils at 255®. Its iodometH^lMe mAis at 144®. 

st body is derived from phenylmethylpyrazolone (A. 238 , 203 ; 
B. 24,648), as well as from hydroxymcthylcne acetone, together with the 

isomeric i-Phenyl-5-metliylpyrazole, CgHsN — N = CH — CH = C(CH3) . 
This is an oil boiling at 255®. Its iodomethylate melts with decomposition 

at 296®. i-Phenyl-4-methylpyrazole, C3H5N— N =CH— C(CH3) =CH, 
boiling at 266°, is formed by a rearrangement of the iodomethylate 
of i-phenylpyrazole (B. 26 , K. 327). i-Phenyl-3,5-dimethylp3rrazole, 
C3(CH3)2HN2.C3H5, boiling at 273®, is obtained from acetyl acetone. 
Upon reduction it yields dimethylpyrazole and benzene, together 
with 'L-Tetrahy dr ophenyl’^^.^-dimethydpyr azoic, which, by oxidation, 
is decomposed into dimethylpyrazole and adipic acid (B. 26 , R. 246). 
i-Phenyl-3,4-dimet]iylp3rrazole, boiling at 278®, results from hydroxy- 
methylene methyl ethyl ketone, CHOH : C(CH3) . CO . CH3 (B. 25 , K. 943). 
1,3-Diphenylpyrazole, C3H2(C5H5)N2.C3H5, melting at 56® and boiling 
at 337®, is obtained from benzoylacetaldehyde (B. 21 , 1135); 1,5- 
Diphenylpyrazole, melting at 54® and boiling at 340°, is derived 
from its carboxylic acid (B. 25 , 3145); i,3,5-Triphenylpyrazol0, 
C3H(C3H5)2.N2.C3H5, melting at 212®, is made from its carboxylic 
acid (B. 26 , 1881). See A. 289 , 332, for the production of 1,3,4- 
triphenylpsrrazole, melting at 185®, by the decomposition of 1,3,4,16- 
tetraphenyldihydropyridazine (see A. 289 , 332). 

2. Haloid-, Nitro-, Nitroso-, Anmo-pyrazoles, Benzeneazo-psrrazoles, 
Pyrazole-stdphonic Acids. — The halogens replace the hydrogen atoms 
in pyrazole. Bromine reacts most readily. The halogen atoms in the 
4-position are most securely combined. Chloropyrazoles are formed 
by the action of phosphorus oxychloride upon pyrazolone. In the 
sulphonation and nitration of pyrazole the NOg and SOgH-groups also 
enter the nucleus. iV-Phenyl p3n:azoles are nitrated and sulphonated 
in the phenyl residue. iV-Phenylpyrazolesulphonic acids have also been 
prepared by the introduction of phenylhydrazine sulphonic acids in the 
pyrazole syntheses (A. 278 , 296). In the nitropyrazoles the basic 
character of the pyrazoles disappears. They are acids, which form 
{Stable sodium, potassium, etc., salts. 

The aLmino-p3n:azoles result in the reduction of the corresponding 
nitro-bodies. Tfciey resemble the aromafle amines in their deportment. 
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They have also been obtained by the action of hydrazines upon the 
nitriles of ^-ketone-carboxylic acids and upon malononitrile; also by 
disintegrating the p5Tazole carboxylic acids by way of the hydrazides, 
azides, and urethanes by the method of Curtius. Nitroso- and benzene- 
azo-pyrazoles are formed synthetically from tsonitroso- and benzejieazo- 
j3-diketones with hydrazines. 

4-Chlorop3nrazole, C3H3CIN2, m.p. 77°, is formed by the action of 
sulphuryl chloride upon pyrazole in ether solution (C. 1906, II. 684). 
4-Bromoi»yrazole, CgHgBrNa, m.p. 97°; 3-Methylbrom6pyrazole, m.p. 
67° (A. 279 , 227) ; 1,3,5-Triphenylbromopyrazole, m.p. 142°; i-Phenyltri- 
biomopyrazole, m.p. 107° ; 4-Iodopyrazole, C3H3IN2, m.p. 108° (also from 
pyrazole-4-diazoniumchloride and KI (B. 26 , R. 281; 37 , 3522); 1,4- 
Phenylchlorop3rrazole, m.p. 76® (A. 313 , 21); 3,5-PhenylchloropyrazoIe, 
m.p. 142° (A. 352 , 159) ; 1,5-Phenylchloropyrazole, i-Phenyl-3-methyI-5- 
chloropyrazole, b.p.g 142°, and i-Phenyl-3,5-dichloropyrazole, m.p. 26’', 
b.p.i3 171°, from i-Phenyl-5-pyrazolone, 1,3-Phenylmethylpyrazolone 
and plienyloxypyrazolone (B. 31 , 3003 ; A. 320 , 28) . i-Phenyl-5-methyl<- 

3- chloropyrazolei b.p-is 170°, from i,5-Phenylmethyl-3-pyrazolone. 

4-Nitropyrazole, C3H3(N02)N2, m.p. 162°, is also obtained syntheti- 
cally from the results of the action of hydrazine upon nitromalonic 
aldehyde; also i-phenyl-4-nitrop3rrazole, m.p. 127°, from phenyl 
hydrazine and nitromalonic aldehyde (C. 1899, II. 609). 3-Methyl- 

4- nitropyrazole, m.p. 134®, b.p. 325°, from methylpyrazole or 3-methyl- 

5- pyrazolecarboxylic acid with nitrosulphuric acid (A. 279 , 228). 
4-Nitro-i,3,5-trimethylpyrazole, m.p. 57°. 3,5-Dimethyl- and 1,3,5- 
Phenyldimethyl-4-nitrosopyrazole, C3(CH3)2(NO)N2H, blue needles, 
m.p. 128®, and C3(CH3)2(NO): N2(CgH5), green flakes, m.p. 94®, are 
formed from tsonitroso-acetylacetone (Vol. I.) with hydrazine and 
phenylhydrazine. The latter is oxidized by nitric acid to 1,3,5-phenyl- 
dimetliyl-4-nitropyrazole, m.p. 103® (A. 325 , 192; B. 40 , 664). 

4-Aminopyrazole, C3H3(NH2)N2, m.p. 81°, sublimes easily. It is 
prepared by reducing 4-nitropyrazole with zinc dust and acetic acid; 

al.so by splitting up ^soxanthine, C— which is formed 

from amino-methyluracil with NgOg (A. 323 , 281; B. 37 , 3520). 
It is easily soluble in water, and rapidly absorbs atmospheric 
oxygen, especially in alkaline solution, and acquires a dark colour. 
More stability is shown by 3(5)-amino-pyrazole, b.p, 282®, and 3,5-di- 
amino-pyrazole (dibenzoatc, m.p. 207®), obtained by breaking up the 
P5a'azole carboxylic azides. 4-Ammo-i,3,5-trimethylpyrazole,m.p. 103®, 
by reduction of nitro-trimethyl-p5n*azole. With nitrous acid the amino- 
pyrazoles form remarkably stable diazonium salts, not decomposed by 
boiling in water, which resemble the aromatic diazo-compounds in 
their transformations, and may, for instance, be converted into azo- 
dyes by combining them with anilines, phenols, etc. Other benzeneazo- 
pyrazoles like i-Phenyl- and i,5-Fhenylmethyl-4-benzeneazopyrazole, 
CelJgN :NC3H2N2.CeH3, m.p. 124°, and CeH^N : NC3H(CH3)N2.C3H3, 
.m.p. 1 12®, have been obtained synthetically from the benzeneazo-com- 
poundsof malonic dialdehyde and aceto-acetic aldehyde with phenyl hy- 
drazine; while the i,3-jihenylmethyl-4-benzeneazo-pyrazole,m.p. 126®, 
has been obtained from benzefleazo-phenyl-methyl-pyrazolone (B. 86, 
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35961 3669). i,5,3-Diphenyl-methyl-4-benzeneazo-pyrazole» m.p. 136®, 
from phenyl methyl triketone with phenylhydrazine (B. 35 , 3317). 
i-Pheiiyl-3-methyl-5-azopyrazol6, m.p. 62®, from phenyl hydrazino- 
pyrine by oxidation with HgO and subsequent heating (B. 42 , 2765). 

i,3-Phenylmethyl-5-ainino-pyrazole, m.p. 116°, from diaceto-nitrile 
with phenylhydrazine, is also formed by superheating antipyrine 
chloride with ammonium carbonate (A. 339 , 134). 

i-Phenyl-3,4-ethylmethyl-5-ammopyrazole, m.p. 81°, from methyl- 
propionylacetonitrile, C2H5COCH(CH3)CN, and phenylhydrazine (Bull, 
soc. ch. [4], 4 , 647). 

Methylpyrazolesulphonic acid, C 3 H 2 N 2 (CH 3 )(S 03 lI), m.p. 258°, from 
methylpyrazole with fuming sulphuric acid (A. 279 , 230). 

3. ^drozypsrrazoles. — The hydroxypyrazoles are desmotropic with 
the ketopyrazolines or pyrazolones: 


Enol form : 


CH.C(OH);CH 

N NH 

4- H 3 droxypyrazole. 


Keto form : 


CH.CO.CHj 
N NH 

4-Kctopyrazoline. 


CH.CIl:C(OH) 

N NH 

S-Hydroxypyrazole. 

CH.CH2.CO 

N NH 

5 -Pyrazolone. 


C(OH).CH :CH 

N NH 

3-Hychoxypyrazole. 

CO.CH : CH 

NH NH 

3-ryiazolonc. 


In the 4-hydroxypyrazoles the hydroxyl form seems to be the more 
stable.' They easily yield urethanes and benzoic acid esters with 
phenyl isocyanate and with benzoyl chloride, and they yield benzene- 
azo- and isonitroso-compounds with diazo-benzo-salts and with N2O3 
(A. 313 , i). But the 3- and 5-pyrazolones also yield on alkylation, 
besides isomeric iV-alkyl derivatives (an tipyrines), alkoxypyrazolcs, and 
with acid halides esters of hydroxypyrazoles. With alkyl iodides, the. 
alkoxypyrazoles give addition products which can also be obtained 
from the antipyrines with alkyl iodide. These revert to antipyrines 
on slightly warming alone or with alkali. The acid esters of the pxy- 
P5n:azoles also give alkyl iodide addition products which, on splitting 
up, yield antipyrines (J. pr. Ch. [2], 64 , 177; 55 , 145; A. 293 , 42; com- 
pare also B. 32 , 2399). Alkoxypyrazoles are also obtained by elimina- 
tion of H2O from the hydrazones of / 5 -ketone acid esters by suifeible 
reagents. 

4-HydiOZsrpyrazole, m.p. 118°, from its carboxylic acid, with benzoyl 
chloride and soda, gives 1,5-dibenzoxypyTazole, m.p. 109°, and with 
methyl iodide the iodo-methylate of i-methyl-4-oxy pyrazole. i-Phenyl- 
4-hydirozypyrazoIe, m.p. 120°, from its carboxylic acid, gives with phenyl 
isocyanate, C3(OCONHC3H6)H2N2 . CgHg, m.p. 168°. 3,5-Dimet^l and 
3,5-phenyl-methyl-4-hydroxypyrazole, m.p. 173° and 188° respectively, 
from dimethyl and phenyl methyl triketone with hydrazine (B. 35 

3313. 3318). 

i-Phenyl-5-ethox3rpyrazole is obtained from its carboxylic ester, 
the condensation product of oxal-acetic ester phenylhydrazone by 
means of ZnClg (B. 26 , R. 550). On saponification of the ethoxy- 
group with HCl it passes into iV-phenylpyrazolone, m.p. 118° (B, 27 , 
407). i-Phenyl*3-methyl-5-methoxypyrazole, b.p. 240°, is formed 
from phenylmethylpyrazolone with diazo-methane (B. 28 , 1626) or 
methyl iodide and sodium methylate, tesides the isomeric antipyrine; 
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also from aceto-acetic methyl ester with phenylhydrazine and HCl. 
On heating to 250° it is transposed into antipyrine (C. 1898, 1 . 813). Its 
iodo-methylate, also from antip5n-ine and methyl iodide, iso yields pure 
antipyrine on boiling with caustic soda (A. 293 , 17). 

i-Phenyl-3-metbyl-5-ethoxyp3rrazole,m.p.38°, b.p. 301°, from aceto- 
acetic ethyl ester phenylhydrazone with acetyl chloride and excess of 
HCl, gives on saponification phenylmethylpyrazolone, and with Na 
and alcohol phenylmethylpyrazoline (B. 28 , 627, 635, 706). The two 
last ethers have also been obtained by removal of COg from phenyl- 
methyl-carbomethoxy- and -carbeth#xy-pyrazolones, the products 
of the action of chloro-carbonic methyl and ethyl esters upon phenyl- 
methylpyrazolonc (J. pr. Ch. [a], 54 , 180; 55 , 149). 

i-Phenyl-5-metbyl-3-methoxypyrazole, b.p. 274°, from 1,5-phenyl- 
methyl-3-pyrazolone with methyl iodide and sodium methylate 
(A. 338 , 282). 

4. Pyrazole ketones, or C- A cylPyr azoles, are formed, like the thio- 
phen, indole, and pyrrole ketones, on heating the pyrazoles with acid 
chlorides : 

(1) i-Phenyl-4-acetyl-pyrazole, C3(COCH3)H2N2.CpH5, melting at 
122°. Its oxime melts at 130° and its phenylhydrazone at 143° with 
decomposition. i-Phenylbenzoylpyrazole, C3(C()C^^Hfj)H2N2CflH5, melts 
at 123°; its oxune at 143° and its phenylhydrazone at 139° with decom- 
position. 

(2) Synthetically, from T,3-di ketones with suitable diazo-bodies: 
4-Methyl-5-acetylpyrazole, b.p.a^ 161°, from its carboxylic acid (see 
below). 4-Methyl- and 4-phenyl-3,5-diacetylpyrazoles, m.p. 114° and 
134°, from acetylacetone di azo-anhydride (Vol. I.) with acetyl- and 
benzoyl-acetone respectively (A. 325 , 183). 

/ 5. Pyrazole Carboxylic Acids are produced: 

’ *^(1) By oxidizing alkyl pyrazoles with potassium permanganate. 
When several alkyl groups are present they are gradually changed to 
ca^oxyl. 

{2) Pyrazole carboxylic esters are formed synthetically by the action 
of hydrazines upon the carboxylic estersof )?-diketones or oxymethylene 
ketones: 

I “ 1 

CfiHgCO .CHa . CO .COaR + NH, . NHCeHg > CeHgN— N - C (CeHB)— CH =. C . COaR 

Acetopheiioneoxalic Ester. i,3-Diphcnyl-5-pyra/.olccarboxylic Ester. 

" The y-diketonic esters also, which result from the interaction of 
bromacetone, bromacetophenone, etc., with sodium acetoacetic ester, 
yield, by action of diazobenzene salts, with the splitting off of the acetyl 
group, phenylhydrazones of ^-diketone carboxylic esters, which con- 
dense to pyrazole carboxylic esters (B. 26 , 1881). 

“'(3) Pyrazole carboxylic esters are formed by the addition of diazo- 
acetic esters to mono- and dicarboxylic acids of the acetylene series 
(B, 22 , 2165; A. 273 , 222): 

CO,R— CH C . CO.R COjR . C CCO^R 

/\ +. !;l > II II 

N=N C.COgR N—NH.CCOJl 

DUsoacetic Acetylene t 3,4,5-Pyrazoletricarboxylic Ester, 

Bster. , dicarboxylic Ester. 

VOL. III. 
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(а) Monohalogen substitution products of the acrylic and fumaric 
series^and a,j 5 -dihaIoid substituted saturated acids — e.g., a,i 5 -dibromo* 
propionic acid, dibromosuccinic acid, etc. — react with diazo-acetic ester. 

(б) With )J-diketones like acetylacetone, diazo-acetic ester reacts 
on heating with caustic soda with formation of such bodies as 4^^tbyl- 
S-ace^lpyrazole-s-carboxylic ester, m.p. 198^ (B. 86, 1128): 


CO,R— CH COCHj 

/\ + I 

N=N CH 


iCOCK^ 


CO,RC -CCH, 

-> I I • 

NH.NiCCOCHa " 


(c) A similar reaction is shown by the diazo-anhydrides of /J-dilte- 
tones (compare furo[^«6]diazols), which, on treatment with NaHO, split 
up intermediately into carboxylic acids and diazo-aliphatic bodies, 
and when treated with /?-diketones or )?-kctone carboxylic esters into 
diacylpyrazoles or acylpyrazolecarboxylic esters (A. 325 , 177) : 


CeHjC(X— Nv COCH, CeHgCOC— CCH, 

^CH,C— ■’’CHaCOaR ^ HN.N :C‘COaR 

Benzo>l-acetone-diazo-anhydride. 3,4-Benzoyl-mcthyl-pyi azole-5-carboxylic Acid. 


When the pyrazole carboxylic acids are heated carbon dioxide is 
evolved and pyrazole results. The carboxyl group in the 3-position is 
most easily split off. The next in order is that in the 5-position, while 
the COOH-group in the 4-position is most firmly combined (A. 278 , 
273)« There is no N-atom adjacent to it. 

3- (or 5-) Pyrazolecarbozylic Acid, C3H3N2.COOH, melting at 209*^ 
with decomposition, is obtained from 3-methylpyrazole, as well as 
from 3,5-p5n:azolinedicarboxylic acid by the exit of carbon dioxide and 
Hg (A. 273 , 237). 4-Pyrazolecarboxylic Acid, melting at 275®, is 
obtained from p5n*azoletricarboxylic acid. 3,5-Pyrazoledicarbozylic 
acid, C3H2N2(C00H)2, melting at 289®, is made from methylp5n:azole 
carboxylic acid, dimethylpyrazole (A. 279 , 218; B. 25 , R. 744), as well 
as from diazoacetic ester by means of dibromopropionic e^ter. 3,4,5- 
Pyrazoletricarboxylic acid, C3HN2(COOH)3, melting at 233°, is pre- 
pared by methods i and 3. 

3-MethyI-5-pyrazolecarboxylio acid, C3H2(CH3)N2.COOH, melts 
at 236® (B. 25 , R. 744; A. 279 , 217). 3,5-Dimethyl-4-pyrazolecar- 
boxyUo acid, C3H(CH3)2N2COOH, melting with decomposition at 290®, 
is derived from acetyl- or ethidene-acetoacetic ester (A. 279 , 239). 
Two isomeric C-Phenylpyrazoledicarbozylic acids, C3(C3H6)HN2(COaH)2, 
melting at 235® and 243®, have been obtained from diazo-acetic ester 
by means of phenylpropiolic and a-bromocinnamic acid (B. 27 , 3247). 
iV‘>-Phe]iylp:n^azolecarboxylic acids, C3H2N2(C3H5)COOH; the s-acid 
melts at 146®, and the 5-acid melts at 183® (B. 24 , 1888). The 4-acid 
melts at 220®. It is obtained from AT-phenylpyrazoletricarboxylic acid 
(B. 22 , 179). iV-Phenylmethylpyrazolecarboxylio acids, C3H(CH^- 
Na.C^H^(COOH). There are five known isomerides: (i) the i,5,i-acid^ 
melting at 136®, results from the action of diazobenzene chloride upon 
acetonylacetoacetic ester (method 2), as well as from acetoneoxaUc 
ester and phenylhydrazine, together wj^h (2) the x, 3, 5-acid, melting at 
190®, whi<m is also produced by a peculiar rearrangement of phenyl^ 
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ittethyloxp3nriidazone (A. 258 , 54: 295 , 305); (3) the i,5,4-«cW, mdting 
at 166®, is obtained from hydroxymethyleneacetoacetic ester (A. 278 , 
270; 295 , 311); (4) the 1,4.3-flcti,' melting at 134°, and (5) the 
1,3,4-flcii, melting at 192®, have been prepared by oxidation of 
phenyldimethylpyrazole (B. 25 , R. 943: 26 , R. 245). i,5-Dipheiiyl- 
S^VTOEOlecarboxyUo acid, C3H(CjH5)N2.CgH5(COOH), melting at 185®, 
is prepared from phenacylacetoacetic ester; phenylpyiazoledicar- 
bozylio acids (compare A, 295 , 306). i-Phenylpyrazole*3,4, 5-tricar- 
Wylie Add, C3N2, 0*115(00011)3, melts at 184® (B. 22 , 172). 

PYRAZOLINES. 

Metallic sodium and* alcohol reduce the pyrazoles, especially thej 
A'’-phenylpyrazoles, to dihydropyrazoles or pyrazolines. The latter are! 
also produced by rearrangement of the hydrazones of unsaturated 
aldehydes or ketones, in that the amine residue of the hydrazine adds 
itself to the unsaturated linkage : 

CH,=CH— CH CH,— CH,— CH 

II > \ II 

C,H,NH N C,H,N N 

Acrolein Phenylhydrizone, N Phenylpyrazoline. 

While this rearrangement proceeds with many hydrazones at lower 
temperatures, with others it is only completed when they are distilled. 
Frequently it occurs that the corresponding pyrazole is formed instead 
of the pyrazoline, or is produced along with the latter. 

The ketazine of acetone, bisdimethylazimethylene, is capable of a 
rearrangement similar to the preceding. It is changed quite readily 
by maleic acid into maleinate of trimethylpyrazoline : 

CH3— C = N— N CH3— C = N— Nil 

(1h, C(CH,)j ^ CH 3 i(CH,), 

Bisdimethyl-azimethyleue 3,5,5-Trnnetbyl-p> razoline 

Similar behaviour is shown by a series of homologous ketazines, and 
by ethylidenealdazine ; tsobutjn-aldazine is transposed by cone. HCl 
into 4, 4~dimethyl-5-isopropylpyrazoline (J. pr. Ch. [2], 58 , 910; M. 20 , 
84) ; but compare the transformation of bisdiethylazimethylene into 
dime thyldiethylpjn-r ole on heating with ZnClg (B. 43 , 493). 

Behaviour, — ^The pyrazolines are feeble bases. They are, for the 
most part, only soluble in concentrated acids. They are less stable 
than the p5n'azoles. Oxidizing agents convert them into very unstable 
dye substances, which are probably derived from bispyrazolines (B. 26 , 
100; Knorr's pyrazoline reaction). When reduced they frequently 
yield trimethylenediamine derivatives; this is particularly true of the 
iV'-phenylpyrazolines. 

Pyrazoline, = iHa — CHg — CH =N — NH, is an oil boiling at 

144’^. It formed from acrolein and hydrazine hydrate (B. 28 , 69; 

774)* 3»5»5-Trimettiylpyrazoline, C8H3(CH3)3N2, boiling at 66^-69'' 
(20 mm.), is obtained from mesityl oxide and hydrazine, as well as from 
biS'^dimethylazimethylene (see above) ; its picrate melts at 138® and its 
mahinate at 127® (B. 27 , 770). • s-PhenylpyrazOline, is 

Obtained from the hydr^one of cinnamic aldehyde (B. 27 , 788), as 
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Ivell as from its dicarboxylic acid (B. 26 , 261). iV^PhenylpyrazidiBeb 
CjHjNj.CjHj, melting at 52° and boiling at 274®, is converted by 
hronanQiaioN-phenyldibrompyrazoline, CgHjEr^Nj . CjHs, melting at 39®. 

i,3.5-Tliphenyl-pyrazoline,C3H3(C8H5j3Ng,meltingati35®,ischanged 
by bromine iotriphenyUnhrompyrazoUne,CJif^^^^T^^, melting at 179®. 

i-Phenyl-3,4,4-trimethyl-5-hydroxypyrazoIine, CgHjN . N :C(CH3) . C- 

I • 

(0113)2. CH(OH), from the corresponding pyrazolone by 

reduction, is converted by sulphuric acid into i-phenyl-3, 4, 5-trimethyl 
pyrazole (B. 36 , 1275). 

P3rrazoline ketones have been obtained by attaching diazo-methane 
to ajff-unsaturated ketones — e.g,, 4-phenyl-5-acetylpyrazoline from 
benzylidene acetone (C. 1906, II. 1130). 

Pyrazolinecarboxylic acids are obtained from diazo-acetic ester or 
diazo-methane by means of olefine mono- and dicarboxylic acids or 
mono- haloid saturated acids. Diazo-metliane acts similarly. Identical 
products are obtained with maleic and fumaric acids, citr- and mes- 
aconic acids, crotonic and fsocrotonic acids (B. 33 , 3590): 


CH- HC— COOR 

/\ + !l 

N:=N HC— COOR 

Didzomcthanc. Fiinnric Ester. 

CH.CO2R CHa 
/\ + II 

N--=N CH,CX)OR 

Diazoacctic Ester. Acrylic Ester. 


CH CH.COOR 

>11 I 

-CH.COOR 

4i5-P>TiWolixu‘dicarboxyIic Ester. 


COaR.C- 


-CRo 


" I 

N— KJI— CH.COjR 

3,4-Pyid/oliiiedicjrt)oxylic Ester. 


The pyrazolinecarboxylic acids show the rather remarkable pecu- 
liarity that when they are heated alone they break down into nitrogen 
and trimethylene carboxylic acids. Hydrazine is split off when they 
are heated with hydrochloric acid. Upon oxidation they become 
pyrazolecarboxylic acids ; and when their silversalts are heated, pyrazoles 
are produced. Upon reduction they yield pyrazoline compounds in 
part (E. Buchner, A. 273 , 214). 

Pyrazoline-3,5-dicarboxylic acid,C3H4No(COOH)2, melts with deebm- 
position at 242®. F3rrazoline-4,5-dicarboxylic ester (B. 27 , 1890), pyra- 
zoline-3,4,5-tricarboxylic methyl ester, C3H3N2(COOCH3)3, melting at 
61°, and 3,4,5-tricarboxypyrazolylacetie tetramethyl ester, C3H2N2- 
(C02CH3)3(CH2.C02CH3), melting at 105®, are obtained from diazo- 
acetic ester by means of fumaric and aconitic esters or from diazo- 
succinic ester with fumaric ester; pyrazolinetricarboxylic ester is also 
formed from diazo-acetic ester, and tricarboxypyrazolylacetic ester 
also from diazo-succinic ester on heating alone. In both cases a 
portion of the diazo-ester decomposes with formation of fumaric ester, 
and this then condenses with unchanged diazo-acetic ester or 
diazo-succinic ester (B. 34 , 345; 43 , 1095). 4-Phenyl-3,5-pyrazoline 
ffic^rtldkylic add ester, C3H3(C3Hg)N2(^^Of^)2’ f^^^ cinnamic ethyl 
ester and diazo-acetic methyl ester, or from cinnamic methyl ester and 
dia2^o-acetic ethyl ester, which give isomeric products, m.p. 76® and 
107® respectively; the isomerism di^ppears on oxidation to the 
P3n:a2ole derivatives (B. 85 , 31). 
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4-Phenyl-5-ac6tylpyrazoIine-3>5-dicarboxylio eater, from benzylidene 
aceto-acetic ester and diazo-acetic ester, does not give a trimethylene 
derivative on heating, but an a-pyrone derivative (see B. 85 , 782). 

"•^Pyrazolones, — Keto-pyrazolines or pyrazolones are, as already 
stated, desmotropic with the hydroxypyrazoles. According to the 
position of the CO-group, we distinguish 5- and 3-pyrazolones, among 
which are the oldest known derivatives of pyrazole : 

n!nH.CO or N.NH.C(OII) NH.NH.CH or N.NHXH 

CH^H, CH— CH CO CH C(OH).CH 

S-Pyrazolone. 5-Hydro\>pyi izole 3-PyrazoIone. 3-Hydroxypyrazole, 

The keto-form is generally ascribed to the pyrazolones, though 
they behave in many reactions like hydroxy compounds. From the 
hydroxyl form may be derived the alkoxy- and acyl-oxy-pyrazoles 
formed by alkylation and acylation respectively. 

The pyrazolones were discovered in 1883, and investigated 
by L. Knorr. Different pyrazolones have been previously dis- 
cussed at the conclusion of the hydiazones of the ^-ke tonic acids, of 
which they are the inner anhydrides, and to which they sustain 
the same relation as the lactams bear to the corresponding amino- 
acids, hence the designation lactazams was suggested for the 
pyrazolones (I. 40O). 

They are produced (i) by the elimination of alcohol from the hydra- 
zones of /S-ketonic esters: 


CH3.C-XH,— COOCJIs -uiuoii CII3C— CHj— CO 

II II I 

N NH.CeH- N 

Acctoacctic Pstu Pliewylhydrazone. i,j-Phcnylmclhyl-pyrazolone. 

A number of these hydrazones, when acted upon with condensing 
agents which eliminate water hydrochloric acid, acetyl chloride, 
etc. — yield alkoxy pyr azoles, which subsequently are converted by 
saponification of the alkoxy group into pyrazolones. Some of the 
phenylhydrazones of the ^-ketonic esters, when treated with con- 
ceiftrated sulphuric acid, yield indole derivatives. 

{2) From a)?-acetylene carboxylic esters and hydrazines (B. 27 , 
783; C. 1906, II. 434). 

(3) By the oxidation of the corresponding pyrazolidones. 

Behaviour . — ^The pyrazolones, like the other pyrazole derivatives, 
are feeble bases (see, however, antipyrine). They also manifest the 
acid properties of the jS-ketonic esters, and therefore yield unstable 
salts with bases just as they do with acids. They also have a series 
of reactions in common with the derivatives of / 5 -ketonic acids. This 
is due to the reactivity of the CH2-group standing between the two 
CO-groups; they condense to benzylidene derivatives with benzalde- 
hyde, and with nitrous acid form isonitroso- or wt/roso-compounds, 
while with diazobenzene salts they yield more or less intensely coloured 
«;!fO-compounds, etc. (B. 27 , 782; 28 , 625). 

POCI3 converts the pyrazolones into chlorinated pyrazoles. Heated 
with phosphorus tribromide ^nder pressure, they immediately form 
pyrazoles (A. 862 , 322). On heating with PgSg in xylene solution the 
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pyrazolones are converted into thio-pyrazolones, while on heating the 
compcments to higher temperatures without solvents, pyrazdes are 
formed direct (see B. 40 , 3701; A. 861 , 251). 

5>Pyrazolone, CO.CH2.CH: N.NH, melting at 164®, is best 
prepared from formylacetic ester (I. 401) and hydrazine, but is also 
produced from its carboxyhc acids. It condenses with benzaldehyde, 
nitrous acid, and diazobenzene cliloride to 4-Benzal-P!{ra2blone, 
(C3H2ON2) : CHCgHj, melting at 200°, 4-t$onitrosopyrazolone, (CgH,- 
ON^:NOH, melting with decomposition at 181°, and 4-pyiazolone- 
azobenzeue, (CgHjONg): N.NHCgHg, melting at 196° (B. 29 , 249). 

3-Methylp7razolone, C3(CHj)H30N2, melting at 215®, is obtained 
by the action of hydrazine upon acetoacetic ester or dehydracetic ester 

(J. pr. Ch. [2], 39 , 132). n-Phenyl-s-pyiaz(done, io.CHj.CHtN.hT.- 
C3H5, melting at 118®, is obtained both from iV^-phenyl-3- and 4-pyra- 
zolone carboxylic acids and from i-phenyl-5-pyrazolidone. iV-Phenyl- 


3-pymolone, CH: CH.CO.NH.NCgHj, melting at 154°, results upon 
oxidizing i-phenyl-3-pyrazolidone with ferric chloride, and by treating 
iV-phenyl-pyrazoline successively with bromine and caustic potash, 
etc. (B. 28 , 35, 630; 29 , 519; J. pr. Ch. [2J, 52 , 138). 

'^■1V-Phenyl-3-methylp3rrazolone, CO. CH3 . C(CH3) : N . NCgHg, melting 
at 127®, from acetoacetic ester, the /J-chlorcrotonic esters (B. 29 , 1654), 
or tetrolic acid by means of phenylhydrazine, is that pyrazole deriva- 
tive which is the best known, and, indeed, has been known for the 
longest time (A. 238 , 147). With benzaldehyde it pelds the benzylidene 

compound, CO.C(: CHCgH,)C(CHj):N.N.CgH5, melting at 107°; the 
condensation products with hydroxybenzaldehydes are distinguished 
by strong coloration (B. 33 , 864). With POCI3, phenyl-methyl 
pyrazolone yields Ar-phenyl-3-methyl-5-chlorpyrazole, with PgSg in 

I i . 

xyleneiV-Phenyl-3-methyl-5-tliiopyrazoloiie,CS . CHjCICHg) : N . NCgjETj, 

m.p. 109® (A. 861 , 261). N2O3 produces an v&mitroso-derivative, 

<!^0.C(N0H).C(CH3): N.lllCgHg, m.p. 157®, which, on oxidation, yields 
nitio-, and on reduction 4-amiiio-Ar-phenyl-3-methyl-5-pyiazolone : 
the latter is also obtained by the reduction of iV-phenyl-3-methyl- 
5-hydroxypyrazoleazobenzene, obtained from phenylraethylpyrazolone 
and diazobenzene cliloride (Constitution, see A. 878 , 218). 

When the amino-derivative is oxidized it becomes rubazonic acid, 
.PagHijNgOg, melting at 181®. It is a red-coloured compound, which in 
its behaviour recalls the purpuric acid (I. 580) of the uric acid ^oup, 
A large excess of the oxidant converts aminopyrazolone immediately 

into x-pheiiyl-3-metbylpyraz()ledione, cb.CO.C(CH,): N. NCgHg, 
the isadn of the p 3 Tazole group, which, by reduction, yields the 
c<HTesponding secondary alcohol: 4-li7droz7>i-pheiiyl>3-m0i]i7i>p]rr(^ 
zohme (A. 298» 50 }. 
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Ferric chlo^pide oxidizes phenylmethylp3nrazolone, with the union 

CeH,N-<:0--C=-========C^ 

of two molecules, to | | It 

N -=--CCH, CH,C 

which resembles indigo blue in constitution and chemical behaviour. 
Less energetic oxidants — e.g., phenylhydrazine, etc. — ^produce Ws- 
phenylmethyipyrazolone, which contains two atoms more of hydrogen. 
This can also be prepared from phenylmethylpyrazolone silver and 
iodine, as well as from the diphenylhydrazone of diacetosuccinic ester. 
The interaction of diazomcthane and phenylmethylpyrazolone 
yields phenylmethylmethoxypyrazole (p. 80), and along with it, but 
in small quantity, the isomeric antipynne (compare B. 28 , 1626). 

N -Phenyl-4-methyl-5 -pyrazolone, C„H6N . N :CH . CH(CH3) . CO, 
m.p. 148°, from a-formylpropiomc ester and phenylhydrazine, and, 
with the isomeric iV’-phenyl-4-mcthyl-3-pyrazolone, from bromo- 
methacrylic ester, CHBr: C(CH3).COOR, and phenylhydrazine (B. 88, 

3273). iV-Methyl-3-phenyl-5-pyrazolone, CHgN^ : 0(0^115). CH2XO, 
m.p. 207®, by methylation of 3-phenyl-5-pyrazolonei and by con- 
densation of benzoylacetic ester with methylhydrazmei resembles in 
its reactions the technically useful phenylmethylpyrazolone (A. 352 , 


152). i,3-Diphenyl-5-pyrazolone, C^HgN.N : 0(0^115). CHg, CO, m.p. 
137®, from benzoylacetic ester and phenylhydrazine (A. 368 , 171).^ 
Similarly to phenylmethylpyrazolone, it has been converted into 

4-keto-i,3-diphenyl-5-pyrazolone and 4-hydroxy-i,3-diph6nyl-5-py7a^ 
zolone (B. 36 , 1132). 

V CeH.N — CO— CH 

-/^tipyrine, i,2,3-Phenyldimethyl-5-pyrazolone, | Jl 

CHgN CCH, 

melting at 114°, is obtained in the form of its hydnochde when phenyl- 
methylpyrazolone is heated to 100°, together with methyl iodide and 
methyl alcohol. It also results by the condensation of symmetrical 
methylphenylhydrazine with acetoacctic ester (A. 238 , 160; B. 20 , 
R..609); 

C,n*.NH RO.CO.CH, C,H,N— CO— CH 

cHj.iIh ^ io.CH, ~ chch,' 


Homologues of antipyrine are formed, similarly to it, from phenyl- 
methylpyrazolone: 2-Benzyl- and 2-Ethyl-i-plienyl-3-methylpsrrazo- 
lone, homoantipyrine, melting at 119® and 73® respectively (J. pr. Ch. 
[2], 66, 153; A. 293 , 3 footnote). 

Antipyrine and its homologues are also produced by the heating of 
the halogen alkylates of 5-alkoxypyrazoles, and from the halogen 
alkylates of 5-chloro-pyrazoles with caustic alkalies; thus, the iodo- 
methylate of i,5-phenylchloropyrazole gives, with alkali, the lower 
homologue of antipynne: i-Phenyl-2-methyl-5-pyrazolone, m.p. 117*"* 
also formed from i-phenyl-3-pyrazolone with methyl iodide (A. 820 , 
28). Isomers of antipynne are i,2-dim6tliyl-3-phenyl-5-pyr^oIoiie» 
m.p. Z08®, and z-phenyl-2,4-dimefhyl-5-pyrazolone, m.p. 125®, formed^ 
by methylating i-methyl-3-iftienyl- and i-phenyl-4-methyl-5-pyrazo- 
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lone respectively (A. 352 , 175; B. 88, 3275). i,2,3-Trimethyl-5-pyra- 
Z(d<me (see B. 48 , 2106.) 

/ Antipyrine is a strong monacid base. It is very soluble in water 
and alcohol, and crystallizes from ether in shining leaflets. 

It is highly prized in medicine as an antipyretic. Its salicylate, 
saUpjfiflC acfs.Slmflarly to it. This is also true of the homologue 
tolypyrine or y-tolyldimethylpyrazolone, etc. 

Transpositions of Antipyrine , — Antipyrine and its homolggues give 
with POCI3, antipyrine chloride, C11H12N2CI2, m.p. 137°, which must be 
regarded as 'L-phenyl-$-chloropyrazole- 2 -Moromethylate, The Cl-atoms 
are mobile, especially the atom in the 5-position. Alkali regenerates 
antipyrine, alkali hydrosulphide or sodium thio-sulphate yields thio- 
pyrine (see below), while NH3 and amines give imino-pyrines. These 
compounds, like the antipyrines themselves, are all strongly basic; 
which, in contrast with the other pyrazole and pyrazolone deriva- 
tives, form very stable salts. The salts are therefore generally 
regarded as quaternary ammonium salts, according to the formula: 

C1>N.N(C,H,).C0H Cl>N.N(C.ll5).CSH C1 >n.N(C.H,) .CNH, 

■'■M-a II '( U II II II 

CHjC CH CH3C CH CH3C CH 

— i.e,, as halogen alkylates of 5-hydroxy-, 5-thiol-, and 5-amino- 
pyrazolcs. The relations of these salts to their bases are, therefore 
determined by an addition or splitting off of acids in 2,5-position in 
the pyrazole nucleus, and A. Micliaclis, therefoi e, also contemplates the 
following formulae for the free bases (A. 320, i; 328, 78; 331, 197; 339, 
117; B. 36, 3271); 


CH, .C - (Cn,)N CH3 .C (CHjjN CHj .C -- (CHj) N 

I O<0NC,H, j S<^NC.H, j HN<^\nC,H.. 

CH-^-C CH- C CH— C 

Antipyruic, Thiopyri Iminopyrine 

From this point of view it is remarkable that the compounds 
obtained from antipyrine chloride with /)-toluidine and from tbly- 
pyrine chloride with aniline are not identied (A. 339, 130; compare also 
A. 352, 154}. 

All 1,2-dialkylated pyrazolones behave like antipyrine and its 
homologues (A. 362, 175; 354, 55; B. 43, 2106). 

i-Phenyl-2-methyl-thiolpyrazole,C3H2SN2(CH3)(CeH5), 
m.p. 162°, from i-phenyl-5-cliloropyrazol-2-iodomethylate with KSH. 

1- Phenyl-2,3-dimetliyl-thiopyrazole, T'hiopyrine, (CH3)C3HSN2.(CH3)- 
(C3H5), m.p, 166*^, from antipyrine chloride with KSH or NagSgOg in 
aqueous solution, acts physiologically like antipyrine. i-Phenyl- 

2- 6tbyl-thiolpyrazole, m.p. 171^, i-phenyl-2,3,4-trimethyl-thiolpyrazole, 

m.p. 129^, etc. By repeated distillation or by heating their halogen 
alkylates, the thiopyrines are converted by the migration of the alkyl 
group from the N to the S-atom into ipstvAo-thiopyrines ox pyrazole alkyl 
sulphides~e.g„ CH3C :N . . qSCHj) :CH. Thiopyrines and 

^ ' - -.1 

^$^«<i(?-thiopyrines are distinguished by their behaviour on oxidation. 
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The former give trioxides, inner salts of sulphonic acids — e.g., 
O SO, 

CH,C:N(CH,).NC,H,.C;CH, the latter dioxides, sulphones,— e.g., 
CHjC :N.N{CeHj).C(S 02 CHs) :CH. 

Iminopyrines. — i^Phenyl-2,3-dimethyl-iminopyrazole, Iminopyrine, 
C3H2N3(C^H5)(CH3)2, from anlipyrine chloride by heating with aqueous 
NH3 or Am carbonate under pressure; its hydrochloride, on heating, 
splits up into CH3CI and i,3-phenyl-methyl-5-amino-pyrazole, which 
unites again with methyl iodide to form iminopyrine hydriodide. 
Anilinopyrine, m.p. 59°, from antipyrine chloride and aniline, is trans- 
formed on heating its lodomethylate into i,3-phenyl-metIiyl-5-methyl- 
anilino-pyrazole. Phenyl-hydrazino-pyrine (see B. 42, 2765). Further 
iminopyrines, see B. 36 , 3279, etc. 

Like acids, alkyl iodides add themselves in the 2,5-position to 
antipyrine, forming methiodidcs of the 5-alkoxypyrazoles, but at 
higher temperatures antipyrine and methyl iodide produce i-phenyl- 
2, 3,4-trimethyl-pyrazolone, meihylantipynne, m.p. 82°, and on trans- 
position i-phenyl-3, 3,4-trimethyl-pyrazolone, m.p. 56® (A. 292f, i). 

4-Nitroso-antipyrine, (CnH^^ONg) .NO, from antipyrine with nitrous 
acid, on reduction with Zn and acetic acid, gives 4-amino-antipyrine, 
m.p. 109®, from which dyes are easily obtained in the form of diazo- 
compounds (A. 293 , 58). By methylation we obtain from amino- 
antipyrine dimethyl-amino-antipyrine (CiiHnON2)N(CH3)2, m.p. 108°, 
the so-called pyramidone (C. 1897, I. 1006; 1900, II. 613). In the 
organism this is mostly changed into antipyryl urea and into rubazonic 
acid (B. 35 , 2891). 4-Hydroxy-antipyrine, m.p. 182°, is formed by 
methylating 4-hydroxy-i-plienyl-3-methyl-pyrazolone. It has a 
marked phenol chaiacter (A. 293 , 49). 

Disintegration Products, — By heating with ale. potash antipyrine is 
broken up with formation of phenylmethylhydrazine (B. 39 , 3265). 
On heating (i) nitroso-antipyrine with phenylhydrazine, we obtain the 
phenyl-hydr azonc of i^o-nitroso-aceto-acctic phenylmcthylhydrazidc 
(A. * 328 , 62). On heating antipyrine (2) with toluol and sodium in a 
current of C02we obtain/;-methylamino-crotomcacidanilide(B. 25,769) : 

(1) CHjN . N(C,Hfi) CO . C(NO) , CCH,->CIl3NU . N(C,H5) CO . C(NOH) , C(NgHC,H,)CH, 

(2) CoH^jJ . CO . CH . C(CHa) . NCII, ►Cell^NH . CO . CH . C(CH,)NHCHa. 

3-Pyrazolones are formed (i) by the action of PCI3 upon a mixture 
of i?-ketonic acid esters with acetyl or benzoyl phenylhydrazine, inter- 
mediate products being the phenylhydrazides of the / 3 -ketonic acid 
(A. 888, 269): 

CHgCO.CHa.CO ^ CHjCiCH.CO 
CflHgNH NH NH 

(2) By the action of phenylhydrazine upon ) 3 -hydroxyalkyl-acrylic 
ester (C. 1906, II. 434). 

(3) By oxidation of the corresponding 3-pyTazolidones. 

Behaviour^ — The 3-pyrazok)nes resemble in their behaviour the 

5-pyrazolones; like these, they possess both acid and basic characters. 
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POCI5 converts them into 3-chloro-pyrazoles. With diazobenzene salts 
they form azo-dyes (A. 888, 228), with N2O8 green 4-nitroso-compoimds* 
converted by oxidation into strongly acid 4-nitro-pyrazolones, and by 
reduction into stable unoxidizable 4-amino-pyrazolones. On boiling 
with ferric chloride they give no dyes resembling pyrazolc blue. The 
melting-points of the 3-pyrazolones are all higher than those of the 
corresponding 5-p5rrazolones. 

i-Phenyl-3-pyrazolone, CH :CH . CO . NH . NC^Hg, m.p. * 155®, is 
formed from i-phenyl-3-pyrazolone-4-carboxylic acid by heating; 
from i-phenyl-3-pyrazolidone by oxidation with ferric chloride; and 
from iV-phenyl-p5rrazoline by successive treatment with bromine and 
potassium hydrate (B. 29 , 519; 40 , 1020). 

i>5-Diplionyl-3-pyrazolone, CgHgC: CH . CO . NH NCgHg, m.p. 252®, 
by methods (i), (2), and (3); also by distillation of cinnamic phenyl 
hydrazide (B. 20 , 1107; A. ^8, 159). 

i-Phenyl-5-methyl-3-pyrazolone, CH3C: CH.CO.NH.NC^Hg, m.p. 
167®, by methods (i) and (3) ; on methylation it yields the poisonous 

3- antipyrine(isomericwith antipyrine), 1,2,5-phenyldimethylpyrazolone, 

CH3CrCHXO.N(CH3)NCeHj, m.p. 119° {B. 26 , R. 367; 28 , 629). 
This substance behaves chemically just like antipyrine. With POCI3 
it forms 3-antipyrine cliloride, x,S-phenylmethyJrZ<hloropyrazoh-metho- 
chloride, from which transformation with ammonia gives 3-imlna- 
P 3 rrine, with potassium sulphohydrate 3-thiopyrine, and with potassium 
hydroselenide 3-selenopyrine (B. 86, 3290; A. 888, 290). i-Ph6nyl- 

4- methyl-3-pyrazolone, CH: C(CH3).CO.NH.NC8H5, m.p. 210®, is 
formed beside i-phenyl- 4 -methyl- 5 -pyrazolone from bromo-meth- 
acrylic acid ester and phenylhydrazine (B. 88, 3273). 

i,3-Phenyl-methyl-5-pyrazolone-4-aldehyde, C^H^k . N ; C{CIl^ . - 

CH(CHO) CO, m.p. 174'’, is formed from the condensation product 
of methylphenylpyrazolone with isatin-a-anil by fission with 
caustic soda (M. 81 , 73). 

Pyrazolone Carboxylic Acids. — ^Their esters are obtained from the 
hydrazones of fi-keto- or aldehydo-dicarboxylic esters. The acids 
readily break down into COg and p5n:azolones. 

5-Pyrazolone-3-carbozylic acid, 60.CH3 — C(COOH) =N— NH, 
decomposes at 250°. Its methyl ester melts at 227®. It is formed 
from oxalo-acetic methyl ester, chlorofumaric ester (B. 29 , R. 
860), or acetylene dicarboxylic ester with hydrazine (B. 26 , 3442; 
26 , 1722). Nitrous acid converts it into an isowi/roso-compound, 

^ 0 — C(NOH) . C(COOH) = N— NH, melting at 201®, which yields th^ 
hydrazide of hydrazipyrazolone carboxylic acid when treated with 
hydrazine hydrate. The anhydride of Jhis acid, decomposing at 126®, 
represents a symmetrical dicycUc nucleus (I«), which may also be 
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viewed as the dilactazam of dioxosuccinic osazone (B. 26, 2057). Com- 
pare the production of diphenylmethyldipyxazole (II.) (B. 86, 523) 
and phenyl methyl p3n:azo-pyrazolone (III.) (B. 41 , 3849). 

(I) (ii) (III) 

C.CO.NH CjHj.N C NH CH,N C-=^CH 

NH .O.C-=--N N:C(CH,).C.C(C,H5) : N C.H^N.CO.C :N.NH 

5-Pyrazolone-4-carboxylic acid, CO— CH(COOH)— CH « N . NH. 
Its ethyl ester melts at 181®. It is formed, along with malonyl hydra- 
zides, when hydrazine hydrate acts upon the ester of dicarboxygluta- 
conic acid, (C02R)2CH.CH: C(C02R)2* and when hydrazine and the 
ester of ethox3nnethylencmalonic acid react (B. 28 , 1053). This acid 
splits off COg quite easily and becomes pyrazolone (B. 28 , 988). 

5-Pyrazolonyl-3-acetic ester, (C2H50C0CH2)C3H30N2, m.p. 190°, 
from acetonedicarboxylic ester with hydrazine (J. pr. Ch. [2], M, 334). 

Isomeric with the 5-pyrazolone carboxylic acids is 4-hy^Oxy- 
pyrazole-3-carboxylic acid, m p. 205°, from diazo-tetrone sulphonic 
acid (I, 544) by heating with NaHO (A. 313 , 6) : 

O CO HOCO 

CH2.C(0H) . CH .N ; NSOjU ^ CH : C(OH) .C : N .NH 


i-Phenyl-5-pyrazolone-4-carboxylic acid, CO— CH(COOH)— CH = 

N — NC3H5, melts at 93° with decomposition. Its ethyl ester melts 
at 1 18®. It is produced when phenylhydrazine acts upon the ester 
of dicarboxyl-glutaconic acid or the ester of ethoxymethylenemalonic 
ester (I. 561). The isomeric i-Pheiiyl-5-pyrazolone-3-carbozylic 
Add, melting at 181®, is produced in the form of its ester from 
oxalo-acetic ester and phenylhydrazine. Both phenylpyrazolone 
carboxylic acids yield the same phenylpyrazolone (B. 28 , 41). 

i-Phenyl-3-pyrazolone-4-carboxylic add, CH : C(COOH) . CO . - 

NH.NCgHg, m.p. 216° with dec., is obtained in the form of its 'ester 
by the action of PCI3 upon a mixture of ethoxy-methylene-malonic ester 
and acetylphenylhydrazine (B. 40 , 1020) , i-Phenyl-4-hydroxyp3rrazole- 
S'pCarbozyUc add, m.p. 154°, from the phenylhydrazone of y-brom- 
aceto-acetic ester, splits off COg and yields i-phenyl-4-hydroxypyrazole. 

Pyrazolone Azo-Dyes , — ^The power of combining with diazonium 
salts mentioned in the case of the phenylmethylpyrazoles is a general 
property of the 5-p3n:azolones not substituted in the 4-position. The 
pyrazolone azo-dyes can not only be obtained by direct coupling of 
the p3n:azolones with diazonium salts, but also by first preparing 
benzeneazo-/J-ke tonic acid ester from /?-ketonicacidesters and diazonium 
lalts (compare benzeneazoacetoacetic ester), and subsequently con- 
vetting this into p3Tazolone azo-chmpotinds" by the action of 
hydrazines (B. 81 , 467). Thd pyrazolone dyes must be regarded as 
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real azo-derivatives of 5-hydroxy-p30: azoles (A. 878 , 218). Some of them 
are important dyestuffs (compare C. 1901, I. 486; 1902, II. 918, 
etc. ; £dso G. Cohn, Die Pyrazolon Farbstoffe, Stuttgart, 1910). 
Among them is particularly the valuable yellow dye, tartrazine. 

The osazones of the diketosuccinic acid esters readily yield the 
ester of i>phenyl-pyrazole-4,5-dione>3-carboxylic add phenylhydra* 
zone (i). This has a red colour. It melts at 154°. It is the parent 
substance of the valuable yellow dye tartrazine (2), the .chief con- 
stituent of which is the trisodium salt of tartrazinic add or 
salphophenylpyrazole-4,5-dione<3-carI)ozylic add 4-/>-sulphophenyl- 
hydrazone : 

(2) N . C,H,[4]SO.Na 

N/\ 

I 

NHC.lIj COjNaC C : NNIIC,H4[4]SO,Na. 

The latter acid can also be obtained from i,^-sulphophenyl- 
3-pyrazolone carboxylic acid and from the diazide of sulphanilic acid, 
which fully demonstrates its constitution (A. 294 , 219). 


(I) 


N.C.H. 

N/\ 

II CO 


CO.HC 


i:N. 


PYRAZOLIDINES. 


The derivatives of teirahydropyr azole ox pyrazolidine pass easily, as a 
general thing, into pyrazoline compounds ; therefore they possess 
reducing properties. The simplest pyrazohdine is not yet known. 

NH— N .CgHj 

iV-Phenylpyrazolidine, I \ , is an oil. It boils at iGo*" 

CHa.CIIg.CH,/ 

(20 mm.). It is formed when sodium phenylhydrazine acts upon 
trimethylene bromide (B. 26 , R. 402). The oxygen of the air oxidizes 
it to phenylpyrazolinc. Alkali and methyl iodide convert it into 


I - Phenyl - 2 - methylpyrazolidine, CHg— CHg— CHg . N{CH3)NCeH5, 
boiling at i75°-i8o° (90 mm.). The reduction of the corresponding 
pyrazolidone produces i-phenyl-3-methylpyrazolidine (B. 26 , 107). 
i>3»5"Triphenyl-2-methylp3rrazolidine, melting at 110°, results in*the 
reduction of triphenylpyrazole iodmethylate with sodium and alcohol, 

Pyrazolidinecarboxylic acids have been obtained by the reduction 
of pyrazolinecarboxylic acids (B. 26 , R. 282). 

Keto-derivatives of the pyrazoUdines : 

(i) Pyrazolidones result from the interaction of hydrazines and 
/?-hdoid fatty acids or a, ^-olefine carboxylic acids. If phenylhydrazine 
be employed, it is possible for the reaction to pursue a double course, 
according as the secondary or tertiary group of the hydrazine is 
attacked by the carboxyl group of the acid: 


( 1 ) CHj.CH :CH.COOH — 


CHaCH.CHjCO 

i-Phenyl-3-methyl-5-pyrazolidone. 


(a) CHj.CHBr.CHjCOOH 


NHaNHCaH, ' 


CHj.CH.CHa.CO 

x<Pbenyl>5-methyl*3-pyrazoljdoQe. 
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The resulting isomeride$ are distinguished by the fact that the 
i-phenyl-5-pyrazolidones have only basic properties, whereas the 
i-phenyl-3-pyrazolidones also possess acid properties. On oxidation 
the pyrazolidones readily become pyrazolones, and when reduced with 
sodium and alcohol they are converted in part into pyrazolidines (see 
below). 

Pyrazolidone, iHjj.CHj.CO.NH.NH, boiling at i33‘’-i35°. is 
obtained from acrylic acid and hydrazine. It is a base. When oxi- 
dized it yields pyrazolone (J. pr. Ch. [2], 51, 73). i-Pheiiyl-5-pyra- 

zolidone, CO.CHa.CHj.NH.N.C^Hg, melting at 78°, is derived from 
/ff-haloid propionic acids by means of sodium formylphcnylhydrazine, 
or from acrylic acid with phenylhydrazine in toluene solution (B. 28, 
26). It is only basic, and when oxidized it becomes i-phenyl-5-pyr- 
azolone, melting at 118°. 

The isomeric i-Phenyl-3-p3rrazolidone, CH2 . CHg . CO . NH . N . C^Hg, 
melting at and obtained from /?-haloid propionic acid 

with free phenylhydrazine, as well as from unsym. /1-phcnylhydrazino- 
propionic ester (B. 24, R. 234), possesses acid properties also, and when 
oxidized becomes i-phenyl-3-pyrazolonc, melting at 154° i its N-acetyl 
derivatives melt at 67° (B. 29, 517). 

i-Phenyl-3-methyl-5-pyrazolidone, melting at 84° and boiling at 
321®, is derived from crotonic acid and phenylhydrazine or from sym- 
metrical ^-phenylhydrazinobutyric acid (B. 27, R. 687). It is a base. 
It readily changes to 1,3-phenylmethylpyrazolonc. When methylated 
it yields 1,2,3-phenyldimethylpyrazolidone, hydroantipyrincy melting at 
146®. It cannot be converted by oxidation into antipyrine (B. 26, 103). 

i-Phenyl-5-methyl-3-p^a2iolidone, m.p. 128®, from unsym, p- 
phenyl-5-hydrazino-butyric acid, has also acid properties; oxidation 
produces i,5-phenyl-methyl-3-pyrazolone. i, 5 ; 5 » 3 - 
dimethyl pyrazolidone, m.p. 110° and 75®, arc produced by chlon’so- 
valerianic acid, and from dimethylacrylic acid with phenyl-hydrazine; 
the r,5,5,3- acid is split up by boiling with baryta- water to /?-benzeneazo- 
tsovaleric acid (C. 1897, 11 . 1100; A. 292 , 284). i,5-Diphenyl-4- 
hydroxy-3-pyrazolidone, m.p. 173° (see C. 1905, 1 . 173). 

(2) Diketopyrazolidmes are the cyclic hydrazides of the malonic 

acids: 3,5-Diketopyrazolidine, Malonylhydrazinc, CO . CHg . CO . NH . NH, 
is an oil. It is formed from malonic ester and hydrazine (B. 28, R. I59*) 
i-Phenyl-3,5-diketopyrazolidine, Malonyl-phenylhydrazine, melting at 
192®, is obtained from the pheiiylhydrazide of malonic ester acid 
(B. 25 , 1506); from malonic acid ester, phenylhydrazine, and sodium 
ethylate (B. 89, 2282) ; or by the action of PCI3 upon a mixture of 
malonic acid and acetylphenylhydrazine (B. 40, 3568). It is probably 
a phenyl-hydroxy-pyrazolone. With POCI3 under gentle heat it yields 
i-pbenyl-3-<ihloropyrazolone, m.p. 144°, and at 130° phenyldichloro- 
PS^azole (B. 81, 3003). i-Phenyl-4,4-dimethyl-3,5-diketopyrazolidine, 
m.p. 176,® from dimethylmalonic acid, acetylphenylhydrazine, and 
PCla (B. 41 , 3865). 
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2. INDAZOLES. 

•^ust as the benzopyrroles or indoles correspond to the pyrroles, so 
do the benzopyrazoles or indazoles correspond to the pyrazoles. 

There are two isomeric series of iV-alkylic indazoles. The one serids 
is produced By the action of alkyl iodides upon indazole or its homo- 
logues. The second series, called isindazoles, result sjmthetically from 
ortho-substituted a-alkylphenylhydrazines, and therefore havp the alkyl 
residue attached to the N-atom adjacent to the benzene nucleus; 
consequently, in the isomeric iV-alkyl indazoles the alkyl residue must 
be joined to the second (/ 5 -) N-atom. 

These two groups of benzop5n:azoles are therefore derivable from 
Formulae I. and II. (below) ; the fundamental bodies may be desmotropic, 
A third desmotropic formula (III ) may be constructed from 
indolenine, the desmotropic indole formula; from this Formula III. 
the indiazone oximes, and probably the diazoindazoles (see p. 96), 
derivable: 


I. 


II. 


III. 




Indazole. 


[isindazole]. 


Indazoles result (i) upon heating the o-hydrazinocinnamic acids 
(E Fischer, A. 227 , 303) . 


yCH=CH.COOH 

^•“*\nh-nh. 

o*Hydrazinoclnnamic Acid 


hCHj.COOH), 


indizole 


It is singular that a lactam-like anhydride of the hydrazino- 
cinnamic acid is not formed in this reaction. It would contain a seven- 
membered ring. Indazylacetic acid is produced by the moderated 
oxidation of o-hydrazinocinnamic acid. 

(2) Hydrazinobenzoic acid, heated with POCI3 under pressure, gives 
'ychlorindazole, which is reduced toindazole byzincandHCl(B. 35 , 2315): 




(3) From the elimination of water from o-hydrazino-acetophenone 
or o-hydrazino-phenylglyoxylic acids: 


C.H 


/CO.COOH 

*\NH.NHj 




/c— coon 

\n^nh 


(4) iV'-Phenylindazoles are formed in the reduction of o-nitrobenzyl- 
anilines (B. 24 , 961; 27 , 2899) : 




,-NHC,H, H 




(5«) Further, indazoles are formed by the careful decomposition of 
diAzobenzene derivatives methylated in the ortho-position (B. 26 , 2349; 
A.8(Ki,289)- 




,OH 

o*Toliieii«liasQbyd^ii« 


IndazDlOt 


o-Placo4iB£Sc»lii^ 
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By this method numerous indazoles substituted in the benzene 
nucleus have been obtained. The diazo-hydrate from o-toluidine, 
boiled in acid solution, gives only o-cresol, in neutral solution some 
indazole and y-tolueneazo-indazole; substituted benzeneazo-indazoles 
are formed chiefly on the decomposition of o-methyl diazobenzenes in 
strongly alkaline solution, the indazoles formed coupling with unde- 
composed diazo-solution. A complete reaction with formation of 
indazole is only shown by the diazo-bodies from nitrated o-methyl 
anilines, which yield indazoles on simply boiling with mineral acids, or 
by treating with glacial acetic acid (B. 87 , 2556). On diazotizing 
o-amino benzaldoximes, the so-called indiazone oximes are formed, 
which easily isomerize in water or alkali to o-azido-benzaldehydes 
(B. 84 , 1309) : 


XH : NOH 
^N,OH 

o-Diaso-benzaldoxime. 


X /NOH 

->c.h/ \ — 

^N/N 

Indi izonoxime, m p i6o®. 


>C,H 


/ 


CHO 


o-Ammo-bcnzaldehyde. 


{56) The smoothest reaction is that in which indazoles arc formed 
from the nitroso-compounds of acylated o-methylanihnes by heating in 
benzene solution (B. 41 , 660) : 


<=•"< WOC.H. ^ c.n.cooH. 

Isindazoles arc formed: 

(i) From o,a-alkylhydrazinocinnamic acids or o,a-aIkylhydrazino- 
acetophenones: 




'^(2) From o-amino-aldoximes or ketoximes by glacial acetic acid 
and acetic anhydride (B. 26 , 1903; 29 , 1261): 


r K (CH,C0),0 . p u 


/CH 

*\N(C0CH,)/N- 


(3) From the phenylhydrazones of o,/>-dinitrophenyI-glyoxylic 
esters we obtain nitro-a-phenylindazole-y-caihozylic ester (B. 22, 319) : 




/C(COaR)> 


Properties . — Indazoles are mostly crystalline, feebly basic, bodies, 
the B;?-nitro-indazoles also form salts with metals (B. 37 , 2570). They 
are not easily oxidized; / 3 -phenylindazole is split up to form azobenzene 
carboxylic acid by chromic acid. Hydro-products are formed with 
difificulty. The free imino-group is easily alkylated and acylated; with 
diazo compounds, indazoles and the Bz-substituted indazoles couple up 
to formbenzene-azo-indazoles; and with benzaldehyde to form benzyli- 
dene bisindazole, CaH5CH(C7H6N2)2- The isindazoles have a general re- 
semblance to*the indazoles. The substituents of the p3n’azole ring are 
usually designated by Py-a, y-, and those of the benzene ring by 
’BtrX% 2-, 3-, 4-, starting with the nitrogen attached to the benzene ring. 
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Indazole» C^H^Ng, m.p. 146®, b.p. 270®, is formed from its carboxylic 
acid, from o-hydrazinocinnamic acid, from chlorindazole, from benzoyl- 
o-tolyl-nitrosamine, from o-diazotohiene chloride with NaHO, and by 
diazotising o-amino-benzaldehyde (B. 25 , 1754). i 5 -Hydroxy-indazale, 

C9H4|«3^N0H. m.p. 139®, a strong acid, from o-triazo-benzal- 

V.CH' 

doxime by boiling with NaHO, is reduced by Zn and HCl toindazole 
(B. 85 , 1891). 

i 9 -Benzyl-indazole, C7H5N2.CH2.CgH5. m.p. 73®, from y-chloro- 
/5-benzyl-indazole by reduction (B. 35 , 2318). With NaNOg indazole 
gives nitrosoindazole, C7H5N2.NO, m.p. 74®. 

Bz-i-Methyl-, -3-Methyl-, and -1.3-Dimethylindazole, m.p. 138®, 
1 15®, and 134®, are formed from the xyli dines and from mesidine 
by method (5«) and (5^;) (A. 305 , 308, 363; B. 41 , 666). y-Methyl 
indazole, C7Hg(CH3)N2, m.p. 113®, b.p. 281®, from o-hydrazinoaccto- 
phenone, gives with acetyl chloride ^-acetyl-y-methylindazole, 
C7H4(CH3)N2*CC)CH3, m.p. 72® (B. 24 , 2380), and with methyl iodide 
/?,y-^methyUndazole, C7H5(CH3)N2.CH3, melting at 80®. /?-Phenyl- 
indazole, C7H5N2.CeH5, melting at 84® and boiling at 345®, is formed 
from nitrobenzyl aniline. Methyl iodide unites with it to an iodo- 
methylate, melting at 188®, and is oxidized by chromic acid to azobcn- 
zene-carboxylic acid (B. 24 , 3058; 27 , 48). y-Phenyl-indazole, meriting 
at 108® or 1 16®, is produced by the reduction of o-diazo-bcnzophenoiie. 
When sodium sulphite is used for this purpose, there first results an 
’ oxygen-containing body, CiaHigNgO, melting at 126®, which probably 
is a /?-hydroxy-y-phenyl-indazole, that upon further reduction becomes 
phenylindazole (B. 29 , 1265). Of the twelve possible nitromothyl 
indazoles, eleven have been prepared from thenitn^xylidines; alsoseveral 
dinitro-methyl-, nitro-dimethyl-, and dinitro-dimethyl indazoles. By 
the reduction of these nitro-indazoles B^-amino-indazoles have been 
prepared (B. 37 , 2556). 

y-Azo-, Amino-, and Diazo-indazole. — y-Azo-dcrivatives of the 
indazoles are produced by the action of alkaline diazo-solutions upon 
the indazoles. They therefore result, beside the indazoles, in the 
decomposition of o-methylated diazonium salts with alkali : IndaSole- 
y-azobenzene, C7H5N2(N : NCgHg), orange needles, m.p. 191°; indazole- 
y-azo-toluene, m.p. 211®, from o-diazo- toluene; dimethyl-indazole-y- 
azomesitylene, m.p. 258®, from diazomesidine. Nitro-indazole-y-azo- 
nitro-methylbenzene (see B. 37 , 2579). 

By reduction these azo-compounds are broken up into anilines and 
y-amino-indazoles. y-Amino-indazole, C7H5N2(NH2), m.p. 154®, is also 
formed by diazotizing and then reducing o-amino-bcnzonitrile, 
transposing the intermediate o-cyano-phenylhydrazine (B. 42 , 3716) 
B^-3-mettiyl- and -i,3-dimethyl-y-amino-mdazole, m.p. 191® and 151® 
respectively. 

With HNOg the amino-indazoles yield fairly stable diazo-hydrates, 
C7H5N2{N20H), etc., which split off HgO and form peculiar inner 
anhydndes of even greater stability, the so-called ** indazole triazolenes** 
(i) . lodazde triazolene, diazo-indazole, C7H4N4, yellow needles, m.p. 106® ; 
they easily couple with phenols and napWholstoformhydroxy-azo-dyes. 
With the helogen hydrides they 3deld y-halogen indazoles. By oxidiz- 
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ing the amino-indazoles with HgO^, bichromate, etc., in acid solution, 
we obtain; with secondary splitting of the ring, benzazimides (2) 
(A. 305 , 289; B. 32 , 1773, 1797- 35 , 892): 




/~ 




\n=n 


In alkaline solution the amino-indazoles arc oxidized to azo-inda- 
zoles by atmospheric oxygen: Azo-indazole, (C7H5N2)N ; N(C7H5N2), 
deep red needles, m.p. 229"" (B. 39 , 4276). 

7-Chlorindazole, C7H5CIN2, m.p. 148°, from diazo-indazole with HCl, 
or from o-hydrazinobenzoic acid on heating with POCI3 under pressure; 
the Cl-atom is very firmly bound. Nitrosation and acetylation 
produce /i-nitroso- and acetyl-chlorindazole respectively, m.p. 90° and 
67°; methyl iodide and alkali give i^-methyl-chlorindazole, b.p. 269°. 
^-Benzyl-y-chlorindazole, m.p. 47°, from sym. benzylhydrazino-o- 
benzoic lactazam with POCI3 (B. 34 , 795; 35 , 2315). 

7-Hydroxy-/?-phenylindazole, m.p. 218°, is 

formed from o-benzeneazo-benzaldehyde-acetal, C^H^N : NCgH4CH- 
(OCHa).,, by saponifying with dilute SO4H2 (C. 1907, I. 1575). 7-Hy- 

drozy-^-phenylindazolecarbozylic acid, c,h,<^9^^^nc,?i,cooii. m.p. 

228°, is obtained in the form of its lactone, m.p. 295®, under the 
action of POCI3 upon o-hydrazobenzoic acid (C. 1906, II. 611); and by 
boiling oo'-azoxybenzaldchyde with glacial acetic acid (B. 42 , 1706). 

7-Indazolecarboxylic acid, C7H5N2.COOH, melting with decom- 
position at 259'', is derived from o-hydrazino-phenyl-glyoxylic acid, 
which is prepared from isatinic acid, thus completing the transition 
from the indole to the indazole group (B. 26 , 217). When the acid is 
heated it breaks down into indazole and carbon dioxide. 

7-Indazylacetic acid, C7H5N2.CH2.COOH, results from the moder- 
ated oxidation of o-hydrazocinnamic acid. It melts at 169°, and 
decomposes into carbon dioxide cuid 7-methylindazole. 

aD^-Dimethylisindazole, melting at 36°, is made 

by the reduction of nitroso-o-ethylamino-acetophenone. Py-a-Acetyl 
isindazole, C7H5N2.COCH3, Py-a-7-Acetylmethyl- and a, 7-Acetyl 
phenylisindazole, melting at 103"" and 185°, are formed by method (2) 
from o-amino-benzaldoxime, -acetophenone-oxime, and -benzophenone- 
oxime. Alkalies again resolve them into these oximes (B. 29 , 1255). 
a-Ethyl-7-isindazylacetic acid, C7H4N2(C2H6)(CH2.COOH), melting at 
132°, is obtained from nitroso-o-ethylamino-cinnamic acid. See above 
for a-phenylisindazole and nitro-a,7-phenylisindazolecarboxylic acid. 
Hydro - isindazole Derivatives, — - Phenyl dihydroind azole , 

C6H4<^^**>N.CeH^, melting at 138°, is produced by the reduction of 

phenylindazole with sodium and alcohol. 

B.sr-Nitro-a-phenyldihydroindazole-7-carboxylic acid, mel ting at 
235°, is formed in the reduction of nitrophenylindazolecarboxylic 
acid (A. 264 , 149). ^ 

There are ^so some prdciucts arising from the combination 
VOL; HI. H 
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of qmnones with diazomethane, probably benzo- and naphtho- 
dihydro-p5a*azoles. Benzoquinone and diazo-methane yield a very 

stable substance, probably represented by 

a-Naphthoquinone and naphthazarin give CioH^Oj {nh>n and 
CioH4(OH)aOo|^j^^N respectively. The triacetyl derivative of the 
latter body gives on oxidation with HNO3 pyrazole~^,^-dicarhoxylic 
acid. Similar products are obtained from diazo-methane with trinitro- 
benzene and picric acid (B. 32 , 2292; 33 , 627). 

Indazolone, or Benzo-pyrazolone, is the inner anhydride or lactazam 

of o-hydrazinobenzoic acid, C4ll4<^^j>NH (A. 213 , 333). 

Nitro-i?-phenylindazolone is formed from the ester of nitrophenyl- 
hydrazidobenzoic acid (B. 30 , 1100). We must include here the 
dicyclic pyrazolone derivatives obtained from cycloketone- /^-carb- 
oxylic esters with phenylhydrazine — e.g. : 


CHa.CHo.CH.CO\ 

CHij.CHo.C=N_/ 


NQHfl. 




yC.CO 

\C.N(C«H5)/ 


NH. 


Similarly, camphor oxalic ester with phenylhydrazine yields phenyl 
camplio-pyrazole carboxylic ester (compare B. 32 , 1987; C. 1897, II. 
123 ; A. 317 , 27). 

Bei>zodipyrazolones are Hexahydro - benzo - dipyrazolone, 
nh<co\c,h,<^o>nh, m.p. 257°, from succinylsuccinic acid ester 
and hydrazine and benzo-bis-iV-phenyl-pyrazolone, dicarboxylic acid, 
(COOIl)aC6^2I^^^NCgH6^^, from hydro-quinoiie tetra-carboxylic ester 
with phenylhydrazine (Ann. Ch. J. 12 , 379). 


3. ISOXAZOLE- OR FURO[a]MONAZOLE GROUP. 


yCH -= N — \ 

y-xT yO. Isoxazole is the azole of furan: Furolo^monazole, 

pCH 

corresponding to pyrazole or pyrro[a]monazole. The isoxazoles re- 
semble the pyrazoles both in structure and modes of prcparatioiv As 
the latter result from the hydrazoncs of the /?-diketo-compounds, so 
the isoxazoles are formed (i) from the monoximes of /?-dike tones and 
/?-ketone aldehydes or hydroxymethylene ketone by rejection of water 
(Claisen, B. 24 , 3906) : 


CeHg.C— CHj,-~CO.CeH6 

II 

N— OH 

Benroylacctophenone Monoxime. 


-> II I 

N 0 

a,-y-Diphcnyli 50 xazole. 


(2) Isoxazole and a-alkylisoxazoles are formed from a-acetylene 
aldehydes with hydroxylamine (B. 36 , 3665; 44 , 1161; Q. 1904, II. 
187): 


CHO KH, CH:N-. CH=N0H CH=-N v 

+ . >. > 0 ; . >. > 0 ; 

C CH OH CH:CH/ C-CCoH, CH;C(C,H,)'^ 

;‘|SliHiilarly, a-acetylene ketones with hydroxylamine yield a,V' 
di^stituted isoxazoles (C. 1904, I. 4^; II. 710). 
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On the formation of isoxazoles from nitroparaffins by the action 

/ alkali, see B. 24 , R. 767. 

Properties . — The isoxazoles, like the pyrazoles, are feeble bases, 
while the a,7-disubstituted isoxazoles are very stable towards alkalies, 
the isoxazoles with free y-position are transposed into jS-keto-nitriles 
by alcoholic alkali even cold: 

I 1 I ^1 

N:CH.CH:CH.O-NC.CHj.CHO,N;CH.CH:C(C,nj).0-*'N ; C.CH,.COC,H,. 

Isoxazole. Cyanacetaldehyde. a-Phenyl-isoxazolc. Benzoyl-acetoiutnle. 

Isoxazole with bound y-position but free a-position are broken up 
on heating with alcoholic potash into carboxylic acids and nitriles 
(B. 36 , 3672) : 

\ I 

N :C(CH3).CH ; CH.O > N i CCH3 +CH3.COOII. 


On ring splitting by reduction, see B. 24 , 3912. 

Isoxazole, C3H3NO, b.p. 95^ 1*0843, a mobile liquid with odour 

resembling pyridine, gives with PtCl4 and wdth CdCl^ crystalline com- 
pounds (B. 36 , 3665). a- and y-Methyl-isoxazoles, (CH3)C3H2NC), 
b.p. 122'" and iiS"" respectively, are formed together from hydroxy- 
methylene-acetone and NH2OH; a-methylisoxazole also from tetroi- 
aldehyde or its acetal with hydroxylamine (B. 44 , 1161). 

a,js,y-Trimethylisoxazole, m.p. 3*5®, b.p. 248®, from methylacetyl 
acetone oxime, and from nitro-ethane with alkali (J. Ch. Soc., 1891, 
410). a-Phenylisoxazole, m.p. 23®, b.p. 247®, results from phony i 
propiol aldoxime with cold NaHO, and is transposed by sodium 
ethylate solution into phenacyl cyanide; it is also formed, beside the 
isomeric y - phenylisoxazole, from hydi*oxymethylene acetophenone 
with NH2OH (B. 36 , 3673). 

a,y-Plienylmethylisoxazole, m.p. 68®, b.p.jg 125®, from benzoyl 
acetone or phenylacetylacetylene (C. 1904, 1. 43). On heating with 
alcoholic ammonia it gives 3,5-phcnylmethylpyrazole. 

/^^-Nitro-isoxazole, (N02)C3H2N0, m.p. 46® to 47®, from nitromalonic 
dialdehyde (Vol. I.) with i mol. hydroxylamine, is split up by water to 
cyaiio-nitro-acetaldehyde (C. 1903, I. 958). y-Phenyl-i 3 -nitroisoxazoIe, 
(C3H5)(N02)C3HN0, m.p. 116®, is formed from cinnamic aldehyde with 
nitrous gases. It is split up by ale. potash, forming benzoiiitrile and 
nitro-acetic ester. Reduced with A1 amalgam it gives y-phenyl-/?- 
aiuino-isoxazole, b.p.i2 179° (A. 328 , 245). 

y-Nitro-a,y-diphenyl-iff-nitro-isoxazole, m.p. 199®, from benzal 
acetophenone with N2O3, etc. (A. 328 , 224). 

Isoxazole Carboxylic ActWs.— Their esters are formed from the 
oximes of ketoneoxalic esters: 


(CH3)CO.CHa.C(COOR) :N.OH 

Acetoneoxalic ester oxime. 


(CHJC : CH .C(COOR) : N.C. 

a-Metliylisoxazole-y-carboxy he Estci . 


a-Methylisozazole-y>caiboxylic acid, CH3(C3HNO)COOH, m.p. 176°, 
and 7-methylisoxazole-a-carbozylio acid, m.p. 211°; their esters are 
formed together from acetoneoxalic ester and NH2OH. The free 
acids cannot be split up into CO3 and isoxazoles, but decompose com- 
pletely on heating (B. 24 , 3908), 
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a-Methylisoxazole-/ 9 -y-dicarboxylic acid, CH3(CNO)(COOH)2, m.p. 
183® with dec., is obtained in the form of diethyl ester, m.p. 57°, by 
the action of fuming nitric acid upon mono- or diaceto-succinic ester 
(B. 42 , 1869). 

Bis-isoxazoles result from the interaction of oxalyldiketones and 
hydroxylamine : 

N’liaOii I I 

CH3--CO— CHj CO ~C0— CHa-CO— CHj >0-^-N--C(CH3)-~-CII-C -CO -CITa— CO— CH3 

Ox.ilyl Diacctonc. Acetonyl-y-racthylisoxazolyl Ketone. 

1 

I I ( I 

O— N = C(CIl3) —Cl i - C— C -- CH - CCCUj) = N—O. 

Bis>-y-inethyl Isoxazol. 

Acetonyl-y-methyUsoxazolyl ketone appears as an intermediate 
product. It can also be made by the condensation of y-methylisoxa- 
zole-a-carboxylic ester with acetone (B. 24 , 3910). 

Isoxazolones. — These are keto-clcrivativcs of the hypothetical 
dihydro-isoxazole or isoxazoline. They correspond to the pyrazolones 
or lactazams, consequently can also be designated as lactazones or 
lactoximes. They result when the oximes of the ^-ketonic esters lose 
alcohol (B. 24 , 140; 30 , 1159; A. 296 , 33) : 

1 I 

nO.N- C(CH3) .CHa— COOR > O.N-- C(CH3)— CHa— CO. 

A series of compounds, obtained from glyoxal, methylglyoxal, 
phenylglyoxal, etc. (also their oximes), by the action of hydroxylamine 
hydrochloride, can also be considered as the oximes of isoxazolone 
derivatives (compare B. 30 , 1287). 

The isoxazolones, similarly to the pyrazolones, can be variously 
formulated: 

CHa— COv CH- COv CH™C(OHk 

I. I >0. II. II >0. III. 1 >0. 

ClI-Nir CH--=rN'^ 

The isoxazolones have a very pronounced acid nature. They 
decompose the alkaline earth carbonates in the cold, and form salts 
not only with metals, but also with ammonia and primary amines. 
The constitution of these salts varies. Ethers result from the action 
of alkyl iodides upon the silver salts. Methylamine is liberated when 
phenyl-isoxazolone-methyl ether is distilled with caustic potash. The 
methyl group is therefore probably linked to nitrogen, and the com- 
pound is derived from Formula II. (A. 296 , 37 )- 

V-Methylisozazolone, C4H5N02, melting at 170°, is made from the 
oxime of aceto-acetic ester. Barium salt, (C8H,03Ng)2Ba + iJHj 0 . 
The ammonium salt, (C8H,03H2)NH4 ; methyl ester, (C8H703N2)CH3 
{A. 296, 46). When the oxime of aceto-acetic ester is condensed in the 
presence of diazobenzene salts, the phenylhydrazone of y-methyl-^- 
ketoisoxazoline, (C4H3NO3) : NNHC3H5, melting at 192°, results. The 
condensation of the same oxime in the presence of ketones or alde- 
hydes gives rise to tsopropylidene and i)eDzyIidenemethylisoza2soloiies, 
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lOI 


(QH3NO2): C(CH3)2, melting at 121°, and (C4H3NO2) : CH.CgHg, melt- 
ing at 141° (B. 30 , 1337)* 

/soNitroso-methyl-isoxazolone (compare B. 28 , 2093; 30 , 1342). 

The simplest isoxazolone is still unknown, but is probably represented 
by a descendant, the so-called meta-fulminuric acid, i^onitroso-oxazolone 
oxime, O.N : CH.C( ; NOH).C: NOH, which deflagrates at 106°. It 
is formed by voluntary polymerization of fulminic acids. On heating 
with water, or more quickly by the action of alkalies, it is transposed 
into cyanz5onitroso-acethydroxamic acid, CN.C(: NOH).C( : NOH)- 
OH (B. 42 , 1346). Amino-^'5onitroso-isoxazolone, m.p. 160° with dec. 
(see A. 367 , 83). 

7-PhenyIisoxazolone, C9H7NO2, melts at 152°. Silver salt, 
CgHgNOgAg; aniline salt, C9H7NO2.NH0C3H5, melts at iii°. Methyl 
ester, CgH^NOa-CHg, melts at 78°. The action of benzoyl chloride 
and alkali produces two benzoyl esters of phcnylisoxazolones, insoluble 
in alkalies, melting at 161° and 115° (B. 30 , 1614). /?,y-Dimethyl- 
isoxazolone, melts at 124'^. y,/?-Methylethylisoxazolone melts at 50° 
(A. 296 , 56). y,/?-lVIethylbenzylisoxazolone melts at 106^ (B. 30 , 1161). 

I I 

y-Phenyl-a-imino-isoxazoline, O— N = C(QH-)— CH— C: (NH), melting 
at III®, results from cyanacetophenone, C^Hg.CO.CH^.CN, or benzo- 
acetonitrile and hydroxylamine (B. 27 , 1095; Jr. pr. Ch. [2], 47 , 124). 
y-Phenyl-a-benzoyl-/l-isoxazolone, melting at 175”, is obtained from 
a^-diphenylbutane-a^S-trione-y-ol (p. 381) and hydroxylamine (B. 25 , 
3468; compare B. 30 , 1290): 

I " 1 

CJIsCO-CO-ClBOH) - CO.CoHjj f NIT20ff-vO-N-C(CeH,) -CO-CH.CO.CeH 5 . 

a6-diplK'nylbiit.iiic-a^fi-triom.'-yol. rh('n>lbL'nzL>yl /S-isox.i/olone. 

I 

a-Isoxazolone-/?-carboxylic ester, O.N : CH.CH(C02C2H5)CO, is 
formed from ethoxy - mcthylenemalonic acid ester, and from 
dicarboxy - glutaconic ester with hydroxylamine. On heating its 
silver sit with methyl iodide it yields an N-mcthjd derivative, 

0.N(CH,).CH:C(C02C2H5)C0 (A. 297 , 8i; B. 30 , 1480). 


*, 4. INDOX.-^ZENE OR BENZISOXAZOLE GROUP. 

Indoxazcncs or benzisoxazolcs are formed from the oximes of 
o-halogen- or o-nitro-benzophcnoncs with alkali, and from o-amino- 
benzophenone with HNO.^ (B. 25 , 1498; 26 , 1657. Sec method (3) of 
forming isindazoles) : 


C.H. 




,C(C,Hd-NOn 


\ 


NO, 


+ KOH-Q 


/C(C.Hd 

+KNO, +H,0. 


The simplest indoxazene, which should arise from bromo- or 
o-nitrobenzaldoxime, appears not to be stable, as it immediately 
rearranges itself into salicylnitrile (compare isoxazolcs; B. 26 , 1253). 
Anthranil can be regarded as an isomeric benzo-/ 3 -y-isoxazole, accord- 
ing to fornxula (compare also benziso- 
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oxazolone, Phenylindoxazen^, C13H9NO2, melting at 

84° and boiling at 33i°-336°, yields a dinitro-derivative with fuming 
nitric acid. When it is reduced with sodium and alcohol it decomposes 
into a-o-hydroxyphcnylbcnzylamine, 5)^112^ while HI 

and phosphorus change it to o-benzoylphcnol (B. 28 , R. 604; 29 , R. 350). 
Consult 13 . 27 , 1452; 28, 1872, R. 290, for other indoxazcne derivatives. 

Compare C. 1897, II. 123, for campho-isoxazole, 

Anthroisoxazole, ^ 

CQ — CflHa.O N:C C 2 I 13 .O 

(see B. 43 , 3251). 

The following groups of \h'ymo 7 tazoles of pyrrole^ thiophen, and 
furmt, the glyoxalincs, thiazoles, and oxazolcs, can also be regarded as 
cyclic amidines, imido-ethcrs, and thio-imido-ethers of carboxylic acids, 
as shown by their formations. By reduction these compounds cannot 
in general be converted into hydrated bases. They are usually split 
up or remain unchanged (see 29 , 2381). 

CH = CH 

5. GLYOXALINES OR PyRRO.[b]-MONAZOI ES : . "'AUI. 

N =CH'^ 

Glyoxaline is isomeric with pyrazole; like the latter, it may be 
viewed as a nitrogen substitution product ot pyrrole, and lienee be 

CH=CH\ 

designated :\.spyrro-{h\-monazole, ^ Again, the glyoxalines 

may be considered cyclic amidines, just as is done with ring- 
homologous pyrimidines. 

History. — Debus (1856) discovered glyoxaline as a reaction product 
of ammonia and glyoxal. Radziszewski (1882) explained this reaction 
and applied it to other diketones. Those peculiar bases — the oxalines 
— prepared by Wallach (1876) from the dialkyl-oximide chlorides, were 
found later to be glyoxalines. Japp (1882), cognizant of the relations 
existing between the lophines and glyoxalines, made them the basis for 
the constitution formula of the glyoxalines accepted to-day almost 
universally. Indeed, it has been established by the more recent 
S5mtheses of Wohl and Markwaldt, and of Bamberger. 

Glyoxalines result (i) from the condensation of glyoxal and other 
o-diketo-compounds with ammonia and aldehydes (B. 15 , 2706) : 

/ K'.CO R'.C— N V 

i I +2NH3+II0C.R"= 11 XR". 

^ R'.CO R'.C— NT 1-' 

Glyoxaline is fonned when ammonia acts upon glyoxal. This is 
dependent upon a partial decomposition of the glyoxal into formic 
aldehyde and formic acid. 

,, Allied to this reaction is the production of glyoxalines from T,2- 
diketones and amines of the formula RCHg.NHg. Benzil and benzyl- 
amine yield triphenyl~^~benzyl-glyoxaline, while with ethylamine the 
product is diphenyl-2-fnethyl‘^-'ethyl ^l^xaline (B. 28 , R, 302). 
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' (2) From carboxylic acid amidineswitha-halogen ketones or a-ketone 
alcohols (B. 34 , 637; 29 , R. 673; compare oxazoles and thiazoles): 




COCJI5 ^ 

CH,Br ^ ® ' \NH— CH 


""" The thioureas from aminoacctals and aminoketones yield, by inner 
condensation, mercaptans of glyoxalines, which, upon oxidation, part 
with H2SO4 and become glyoxalines (B. 22 , 1353: 25 , 2354; 26 , 2204); 


HC(OR)a' 
<!h» — 


HN. 

NH; 




C.SH 


ClI — Nv CH N^^ 

-> II >C.SH > II >CH. 

CH-NH^ CH— NH-^ 


Triplienylglyoxaline is similarly produced from benzoin and 
bcnzamidine (B. 29 , R. 673). 

(3) The alk3^1imidc chlorides of oxalic acid, by peculiar reactions, 
change to chloro-substitution products of the glyoxalines and yield the 
latter upon reduction (A. 214 , 278) : 


CC1=NCIL 


— HCI 


CCl- 


CCl = NCHj, 

Diincthyl-oxirnuio Chloride. 


-N<cn, 

>CH 
-N 


CH- 

a'Chlor-iV-rQethylqlyoxalmc. 


(4) ITydrobcnzamidc and similarly constituted aromatic com- 
pounds, when heated, rearrange themselves to dihydroglyoxalines, 
which readily change to glyoxalines: 




n u (2f.r C^TIg.C — NIL Calls. C N- 

C a ClI II >CH .Cells 

CetlsCll-N CoHs.C— 

Hydrobeiuamide. Atnanuc, Lophitie, 

Triphcnyldihydro-glyoxaline. Tnpheuyl-glyoxaline. 


(5) A very interesting formation, theoretically speaking, of glyoxaline 
carboxylic acid consists in oxidizing benzoglyoxaline or benziminazole 
with potassium permanganate (A. 273 , 339) : 

CH-CH— C— N . COOH.C— N . 

I II \CH > II >CH. 

• CH--CII— C— NH'^ COOH.C~NH^ 

Bczizimm.izolc. IininazolcdicarboxyUc Acid. 


(6) Certain iminazoles have been obtained from the corresponding 
oxazoles on heating them with ammonia (B. 29 , 2098). 

Properties . — ^Tlie glyoxalines are stronger bases than the isomeric 
pyrazoles. Their imine hydrogen can be replaced by metals, especially 
silver, and also by alkyl residues through the agency of alkyl iodides. 
The tertiary bases take up alkyl iodides very energetically. The 
iV-alkylglyoxalines are rearranged on heating, the alkyl residue migrat- 
ing to the (fi) C-atom, occupying the position between the two N- 
members. Acyl-groups are only introduced with difficulty, and are 
easily split off.^ Benzoyl chloride and sodium hydroxide occasion, 
rather strangely, even at 0°, decomposition into carboxylic acids and 
dibenzoyldiamines ; 

CH N. CH— NH.CO.CflHj 

II >CH + 2 CflH 5 .COCl + 2 'N;aOH=-- 1| + 2 NaCl+H XOaH 

CH-^NH^ CH— NH.CO.C^Hj 

Glyoxaline. Dibenzoyidiaminoethylene. 
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The glyoxalines are very stable toward reducing agents, and are but 
slightly altered by oxidants. Hydrogen peroxide produces examines. 

The position of the substituents in glyoxalin is indicated in the 

(3) 

(4) HC Nv 

following manner: |l ^CH(2,/x)^ The /^-alkyl deriva- 

(q) lie mv 

(i,N) 

tives are also termed glyoxal ethylinc, glyoxal propyline , etc., according 
to the aldehyde used in the synthesis, as they arc chiefly made by the 
action of ammonia and aldehydes upon glyoxal. 

Glyoxaline, Iminazole, 03^14^^, melting at 90° and boiling at 
263°, is formed, together with glycosine (probably bis glyoxaline, 
CH— NHv ,NH— CH 

II II ; compare B. 20, R. 431), from glyoxal and 

Cir-N / ^ N— CH ^ 

ammonia, better wnth addition of formic aldehyde (A. 277, 336) ; also 
from gl3^oxaline-2-mcrcaptan, as well as from its carboxylic acid. It is 
soluble in alcohol, ether, and water. Its solutions, containing alkali, 
phosphoresce on exposure to the air (compare lophine). It forms salts 
wit?li all acids excepting carbonic acid. Silver nitrate precipitates silver 
glyoxaline, CgH^NgAg, and methyl iodide forms A-Methylglyoxaline, 
C3H3N2CH3, mciting at - 6° and boiling at 199°, with sp. gr. 1*0363. This 
can also be obtained from dimethyloximide chloride according to moi liod 
of fonnation 3 (above). A^-Phenylglyoxaline, C^II^No.QIIr,, melting at 
13° and boiling at 276°, is formed b}^ method 2 from its mercaptan. 

4- (or 5-) Methylglyoxaline, C3H3(CIl3)Nj,, m.p. 56°. b.p. 2()3", fi^m 
its mercaptan (B. 26, 2204); physiological importance attaches to the 
formation of 4-mcthylglyoxalines by the action of zinc h^T^drate and 
ammonia upon grape-sugar and other hexoscs and pentosc's (B. 38, 
1166; 40, 799). The methylation of methylglyoxalines with dimctli^d 
sulphate and alkali gives rise simultaneously to 1,4- and 1,5-dimethyl- 
glyoxaline, b.p. 199*" and 224°: 

CH3C— N. CH3C— N --—V CII3C .N(CH3) 

II n >CII > 11 >CH and H >CH 

lie— HC.NtCIIa)''^ UC— N- - ^ 

The methylglyoxaline therefore behaves during methylation like a 
mixture of 4- and 5-methylglyoxalinc (C. 1910, II. 1480). 2,4,5-Tri- 

methyl-glyoxaline, C3(CH3)3N2H^» 271°, from diacetyl, 

NH3 and aldehyde. 4-Phenyl-glyoxaline, m.p. 129°, from phenyl- 
glyoxal, NH3 and formaldehyde. With NH3 alone, phenyl-glyoxal 
gives, among other compounds, 2,4-phenyl-benzoyl-glyoxaline, m.p. 
280*" (B. 38 , 1531). 4.5-Methyl-phenyl-glyoxaline, m.p. 185°, has been 
prepared from methyl-phcnyl-imidazolyl-mercaptan by oxidation with 
NO3H, and the same methyl-phcnyl-glyoxalinc is formed whether one 
starts with a-amino-propiophenonc (i) or by the isomeric a-phenyl- 
a-amino-acetone (2) : 

Cells. CO CelleC— K CII3.CO 

(I) I > I! H>CTI< 1 (2). 

CH3.CH.NH2 CII3C— CeH5.CH.NH2 

This proves the equivalence of the 4- and 5-position in glyoxaline 
(B. 41 , 1926); compare also /^-metl^l-toliminazole, 3-methyl-pyrazole, 
and Vol. I. under virtual tautomerism. 
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2.4- DiphenylgIyoxaline, m.p. 193°, from benzamidine and phenacyl- 
bromide. 4,5-Diphenyl-glyoxaline, m.p. 227°, from benzil, form- 
aldehyde and NH3, besides benzilam, benzilimide, and imabenzil 
(B. 35 , 4136; 38 , 1536). 

2.5- Diphenylglyoxaline, C3H(CgH5)2N2H, melting at 162°, is pro- 
duced on heating 2,5-diphenyioxazole to 300° with alcoholic ammonia; 
also by the condensation of phcnyl-a-aminoacetonitrile and benzalde- 
hyde by means of hydrochloric acid (compare method of forming 
o.xazoles; B. 29 , 2103): 

CoIIoClI— NHo CJigC—NH. 

1 “+IIOC— CJI 3 > II >C.CcH5. 

CN CII— 

V 2.4,5-TriphenylgIyoxaline, Lophine, melting at 275°, is produced: 

(1) From benzil, l^cnzaldehyde, and ammonia. 

(2) When hydrobenzamide is distilled or amarine oxidized. 

(3) By the reduction of triphenylcyaiiidiiic or triphenyl tricyanogen; 
ammonia is eliminated. 

(4) From benzamidin and benzoin (B. 29 , R. 673). 

Lophin (from Am/jos', tuft of feathers, alluding to its tufted crystal- 
line foj'in) exhibits in marked degree the property of phosphorescing 
when shaken with alcoholic potasli ; it is then decomposed into ammonia 
and benzoic acid. Like the glyoxalines, it does not form an acetate.v 

The halogen derivatives of the glyoxalines result from substitution; 
also by the splitting off of hydrogen chloride from the dialkyloximide 
chlorides. Tribromo-glyoxaline, C3Br3N2H, melting at 214°, is formed 
from glyoxalinc and bromine. Chloro-A^-methylglyoxaline, C3H2CIN2.- 
CII3, Ixhling at 205°, and Chloro-i,2-dimethylglyoxaline, C3HCI- 
(CiyNo.CIL^, boiling at 218"", arc obtained from dimethyl- and 
dieth^doximide chloride. 

Nitro-derivatives of the glyoxalines are obtained by the action of 
nitro-sulphuric acid or fuming nitric acid upon glyoxalinc. The nitro- 
group probably takes up the 4- or 5-position. The nitro-glyoxalinc, 
with a free imino-group, dis.solves in alkalies with a yellow colour. 
Nitr6-4-methyl-glyoxaline, C3H2(NO.,)N2.CH3, m.p. 248°; Nitro-2,4- 
dimethyl-glyoxaline, m.p. 252”; Nitro-i,4-dimethyI-glyoxaline, m.p. 
161° (B. 42 , 761). 

Sulph-hydro-derivatives are formed from acetalyl- or acetonyl- 
thioureas and similar substances by condensation; 2-IminazolyI- 
mercaptan, C3H3(SH)N2, m.p. 222° with dec., gives with methyl-iodide 
iminazolyl-2-methyl-sidphide, C3n3(SCH3)N2, m.p. 139° (B. 25 , 2359). 
4, 5-Diphenyl-glyoxaline-2-mercaptan, 2HN2(SH) , is formed 

from benzoin with thiourea (A. 284 , 8; B. 31 , 1220). 4- (or 5-) Amino- 
methyl-glyoxaline-2-mercaptan, €3(011.2X112) H2N2(SH), m.p. 188°, from 
diamino-acctonc chloride and potassium thiocyanate. On treating 
with dilute nitric acid it yields 4- (or 5-) Hydroxy-methyl-glyoxaline, 
C3(CH20H)H3N2, m.p. 94° (C. 1911, II. 30). 

4.5- GUyoxalinedicarboxylic- acid, €3112(00011)2X2, from dioxy- 
tartaric acid, XH3, and formaldehyde (A. Oh. ph. [6], 24 , 525), and by 
oxidation of benzo-glyoxalinc«(A. 273 , 339) separates on heating into 
CO2 and glyoxalinc. 
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'^-Histidine, P-^-IminazolyUa-aminopYOpioniQ acid^ 


CH ^^ ^^-~^ ;CHa.CH(Niia)CQgTl jj 1289), flaky crystals, m.p. 

253° with dec., M"2o“39’74°7 was first found in 1896 by A. Kossel 
among the disintegration products of the protamine sturin (B. 29» R. 
360), and also occurs in the hydrolysis of many proteins. By the action 
of nitrous acid histidine passes into the corresponding hydroxy acid, 
C3H3N2.CH2.CH(0H)C02H +H2O, m.p. 204° with dec., w'hich can be 
broken up into glyoxaline-5-acetic acid, C3H3N2.CH2CO2H + H2O, 
m.p. 220° with dec. Glyoxaline-5-carboxylic acid, C3H3N2CO2H, 
m.p. 286° with dec.; and finally glyoxaline itself (C. 1907, II. 1084). 
On the other hand, it can be reduced by means of HI and phosphorus 
to glyoxaline-5-propionic acid, C3H3N2.CH2.CH2CO2H, m.p. 209°. 
The latter acid can also be built up synthetically by the condensation 
of glyoxyl-propionic acid, CHO.CO.CH2.CH2.Cd2H (Vol. L), with 
ammonia and formaldehyde by method i (C. 1905, II. 830). Its azide 
can be converted by the method of Curtius into the S-aminoethylgly- 
oxaline, C3H3N2.CH2CH2NH2, the picrate of which melts at 234° with 
dec. (B. 40 , 3691). It can also be obtained from histidine by heating 
alone, or better with concentrated HCl to 270° (C. 1911, I. 1366), or 
by bacterial disintegration (C. 1910, II. 35). For other sources, see 
C. 1911, I. 493; and 1911, II. 30. 

Synthesis of histidine (C. 1911, II. 760). 4- (5-) Chloromethyigly- 

oxaline (i) from 4- (5-) hydroxymethyl-glyoxaline and PCI5, yields with 
sodium-chloro-malonic ester 4- (5-) glyoxalinc-chloro-miilonic ester (2), 
which on saponification gives 4- (5-) glyoxaline-chloro-propionic acid (3). 
This is converted by NH3 to + /]-histidine (4), which can be split up 

into the active components by means of tartaric acid: 

< 


{») 
CH— N. 


(a) 

CH— N^ 


XT — IN-v ^ — iNv 

:—nh/ —> c— : 


(3) (4) 

-> C— — > C— NH/ 


CH2CI CH2CC1 (COjR )2 CHj.CHCl.COaH Cll2.CH(NH2) .COaH 


Hydroglyoxalines. — The glyoxalines cannot be reduced to hydro- 
derivatives. Dihydroglyoxalines, or glyoxalidincs, result (i) from the 
acidyl-compounds of ethylenediamine : 


CHa— NH . CO . 
CHa— Nil . CO . C0II5 




CH,-N 
CHj— NH/ 


C.C,Hj(hC,H.COOH). 


(2) They arc very probably the compounds formed from allyl- 
acetamide and allylbcnzamide by means of the hydrochlorides of 
aromatic bases (B. 28, 1665) : 


C.H, 


/NH-CH, 
‘no CH;CH, 

Allylbcnzamide. 


/■ 


^N- 


-CH. 


^>CeIT5C< 1 

' ® Xn(C.Hb)— CH.CH 


4-Mctliyl-r,2-diplicnylglyoxalidine. 


CHj— N V 

2J!Ietbylglyo»ilidine,Z,ysf<ft«e,C4HBNa= 1 ^c.cHj, melting at 

CH 2 — 

105® and boiling at igs^-igS®, is fbrmed on heating ethylene- 
diamine hydrochloride with sodium acetate. It forms a very easily 
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soluble uric acid salt, and therefore has been recommended as a relief 
from gout (B. 27 , 2952). The homologous glyoxalidines — e.g,, 2-ethyl-, 
2-propylglyoxalidine, etc. (B. 28 , 1173, 1176) — behave similarly. 
Benzoyl chloride and alkali break down mcLliylglyoxalidine into acetdi- 
benzoylethylencdiainine (B. 28 , 3068). 

2-Phenylglyoxalidine, Ethylenebenzamidine, C3H5(C(.H5)N2, melting 
at 101°, is also obtained from ethylenediamine and thiobenzamide 

(B. 25 , 2135). 

2,4,5-Triphenyl-dihydro-glyoxaline, Amarine, CaiHigNg, m.p. 133° 
(anhydrous), is formed by the transposition of hydrobenzamide. With 
halogen iilkyls it forms dialkyl amaroniurn chlorides which are split 
up by alkalies into diphenylethylcnediaminc derivatives, from the 
hydrochlorides of which the amaroniurn bases are regenerated: 

CoHbCH— N=- v CjHtCH -N(C7H7Cl)v . CeIfBCH™NIIC7ll7 

>CC Hr ^ CC II 

CgHfiCII— N hX ' ® * CelToCH— N(C7H7)-^ N(C7H7)C0CaTl6 


The action of benzoyl chloride upon amarine is similar. On heating 
amarine witli Na etliylate to 150° to 160°, or amarine hydrochloride to 
340°, an isomeric tso-amarine is produced, m.p. 198°, also obtained 
syntlictically from racemic dibenzoyldiphenylethylencdiamine. Its 
relation to amarine is that of racemic acid to meso-tartaric acid. It 
has been split up into optically active components (C. 1900, 1 . 201, 
1224). On oxidation amarine produces lophme. An analogous com- 
position is shown by furfurin or trifuryl dihydro-glyoxaline. 

Bisglyoxalidine, (03115X2)2, melting at 290^^-300*', is a condensation 
product of rubeanic acid and ethylenediamine (B. 24 , 1846) : 

NllgX'S -CS NIIa + sNHa Cllj NHg >NII -CHg— - N=^.C— C-N -CHg— 

Ruboanic Atid. Bisglyoxalidiii. 

Telrahydroglyoxaliues have been obtained from ethylene aniline 
and aldehydes (H. 20, ’jyz ) : 


. CII,— N(C.H,). 

+CHO.C.H6-I >CII(C.H,). 

Triphcnyltctrahydroglyoxaline, m p. 137® 


We must include with the keto~, ihio-, and fmmo-substitution 
products of hydroglyoxalines a series of cyclic urea-, thiourea-, and 
guanidine -derivatives, which for the most part have been already 
described with the fatty compounds. 

I. Ketoglyoxalidines, iminazolones, or urelns, result from the inner 

CH~NHv 

condensation of a-ureido-kcto-compounds. Iminazolone, (I /CO. 

^ CII— 

melting at 105°, is obtained from acetalyl urea (p. 103). Different 
ureins have been obtained from benzoin and benzil by means of various 
ureas (compare B. 25 , 2357; 27 , 1083, 1144, 2203; Gaz. chim. Ital. 19 , 
573; A. 368 , 156). 4,5-biphenyl-2-iminazolone, m.p. 324® (see A. 330 , 
249). 4-Iminazolones, like 2-methyl-4-iininazolone, m.p. 141°, arc 
fonned’by the condensation of imido-ethers with a-amiiio-aliphatic 
esters (J. pr. Ch. [2], 76 , 93; 82 , 50): 


CH3C 


/NH ROCO 
\OR ’^HaN.CH, 


■>CHaC 


/N CO 

\nii~ch. 
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Glyoxaline Red, from acctylenedicarboxylic ester with 2 mol. 
benzamidine (see C. 190Q, II. 92). 

2. Keto- and Thiotetrahydroglyoxalines are the cyclic alkylene ureas 
and thioureas — e.g., ethylene urea and -thiourea (I. 441, 452). 

3. Diketo- and iminoketotetrahydroglyoxalines are found in the 

hydantoins glycocyanidins — e,g., hydantom, creatinine, etc. (Vol. I.). 

To these also belongs the so-called vinylidene ozanilides, 

""'P- 209° (B. 33, 613). 

4. Triketo- and iminodiketoteirahydroglyoxalines : oxalyl urea or 
parabanic acid (I. 575) and oxalyl guanidine (B. 26 , 2552). 


6. BENZOGLYOXAUNES OR BENZIMINAZOLES. 

The bcnziminazolcs, sometimes called cyclic amidincs, anhydro- 
bases, and aldehydins, contain the glyoxaline or iminazole ring in union 
CH=-CH— c— N 

with a benzene ring : I II >Cll. Their intimate connec- 

^ CH-CH— C— NH/ 

tion with glyoxaline becomes very evident from the fact that benzimin- 
azole becomes glyoxaline dicarboxylic acid when it is oxidized (p. 103). 
^Formation of the Benziminazolcs : 

By the condensation of o-phenylenedi amines with carboxylic 
acids, or their anhydrides or chloridt^s. A loss of water occurs 
(Ladenburg, B. 8, 677; 11 , 826). Acyl compounds are produced as 
intermediate products : 


C H 

' o-Pheuylonccliaiume. 


+ CIIj.COOH 

Acctyl-o-plienylonediaTnino. 


;a-iMc‘lliyH>v.'azimiiiazole. 


The diacidyl-o-phenylenediamines also yield benziminazolcs (B. 23 , 
1876; 25 , 1992). The anhydrides of dibasic acids react like those of 
the monobasic — e.g., succinic anhydride and o-phenylcnediamine form 
benziminazole-^-propionic acid (B. 27 , 2773). The o-naphthylene- 
diamines behave like the o-phenylenediamines. 

(2) Benziminazoles arc also produced by the reduction of acylated 
o-nitranilines, when acylated o-phenylenediamines are also formed as 
intermediate products (Hobrecker, B. 5 , 920) : 


CeH 

i 


/NH.C0.CH3 


„ /NH.CO.CHa 

L ® 




(3) N-alkylic benziminazolcs result when aldehydes act upon 0- 
diamines {aldehydins of Ladenburg; B. 11, 590). The dialkylidcne- 
o-diamine, which probably first appears, rearranges itself at once into 
the AT-alkyliminazolc (B. 20 , 1585). The non-alkylated iminazole is 
produced as a by-product from the monoalkylidene body: 




H yc.cii. 


CH. 


—M ^ /N 
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Mono-alkylic o-diamines yield benziminazoles (B. 25 , 2826). 

On the action of formaldehyde upon o-phenylene-diamine, see 
B. 32 , 245. 

(4) /A-Phenylbcnziminazole is formed from benzylidene o-amino- 
phenylhydrazine on heating with dilute mineral acids (B. 40 , 909) : 


CH 

*\NH.N/ 


CH.CJIs 


— NHs 




Properties. — The benziminazoles behave very much like the glyox- 
alines; however, the basic properties are slightly less than the salt- 
forming power of the imido-group. Most of the benziminazoles are 
soluble in aqueous alkalies. Alkyl residues are easily introduced into 
the imino group; acid residues, with more difficulty. The A’-alkylated 
iminazoles add alkyl iodide. The iodo-alkylates are transformed into 
iY-dialkyl-benziminazolinols by alkalies, with atomic migration. 
These are split up by boiling with NaliO into o-phenylcne dialkyl- 
amines and formic acid, and can be synthesized from these components 
by heating : 



CH— > 





\i\IlCJ 


This fission is facilitated by nitro-groups in the benzene or glyoxaline 
nucleus, but hindered by alkyl substituents (J. pr. Ch. [2], 73 , 419). 
Benzoyl chloride and sodium hydroxide decompose even at 0*^, just 
as in the case of the glyoxalines, the iminazole ring with tlie production 
of dibcnzoylated ^?-diamines. They are very stable toward reducing 
and oxidizing agents. Certain derivatives of ben^^inazole can dye 
cotton without the help of mordants (B. 26 , 2760). In this respect 
they resemble the benzoxazoles and benzothiazoles. 

The number of known benziminazoles is very great (see Kiihling, 
Stickstoffhaltige Ortho-condensationsproducte, pp. 177-210). 

Benziminazole, o-Phenyleneformamidmc, 

at 167°, is obtained from formic acid and o-phenylenediamine, as well 
as by the action of chloroform and potash upon o-phenylenediamine 
(B. 28 , R. 392). Potassium permanganate oxidizes it in part to 
glyoxalinedicarboxylic acid, /x -Methyl -benzimidazole, o -phenylene 

acetamidiney CoH4<^^^j^C.CH8, melts at 176°. 

/^-Phenyl-benziminazole, phenylenebenzamidiney Ce 

melting at 291°, also results from the rearrangement of o-aininobenzo- 
phenoneoxime (B. 24 , 2386; 29 , R. 358). 

/>L-(o-Amino-phenyl) -benziminazole, CgH4 : CNaH.CgHiNHgi m.p. 
211"*, gives with formic acid a bis-anhydro compound: methenylamino- 

phenyl benziminazole, ^ ^ m.p. 227°; nitrous acid pro- 

duces the corresponding azimide, m.p. 208° (B. 32 , 1456) • On /a- (0-, w-, 
and ^-amino-phenyl) benziminazole and its transformations, see B. 34 , 
2953 - 
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/i-Methyltoliminazole» o-ToluyleneAcetamidine, CH8.CeH3-<^j^jj^C.CH3, 

melting at 199°, and obtained from 3:4-toluylenediamine with glacial 
acetic acid or acetaldehyde. 

The two nitro-ethyltoluidines, CH3[i]CgH3[3]N02[4]NHC2H5 and 
CH3 [i]C 3H3[4]N02[3]NHC2H5, yield by method (2) two isomeric 
iV-ethyl-Ai-methyltoliminazoles, m.p. 87° and 93° respectively, which, on 
heating their hydrochlorides, split off ethyl-chloride and pass into the 
same /A-methyltoliminazole. With methyl iodide we obtain from 
/jt-methyltoliminazole two isomeric iV,iu-dimethyltoliminazoles,m.p. 132° 
and 142°, which are also obtained from the two A'-methyl-o-tohiylcne- 
diamines with glacial acetic acid, and on further action by methyl 
iodide pass into the same iodo-methylate, m.p. 221° (J. pr. Ch. [2], 
73 , 424). The following scheme illustrates this: 


ClIgC.CH : C.N(C2H5)\ 


yC.CH. 

CH.CH-.C.N ==^ CmgCl Clla . C . CH : C.N\ 011^1 


CIIaC.CH : C.N = 


~\c.CHa- 
CH.CH:C.N{CgH6)/ 


CH.Cll.C.N^ 


. H /^ClI 1 


CH3C.cn : C.N(CH3)\ 
CH.CH:C.N^^^ 
CmC.CH : C.N 


JC.CH3 


"^CCHa. 
CH.CH:C.N{C1J3)/ 


Like the 4- (or 5-) alkylglyoxalines, the /x-methyltoliminazolc 
belongs, therefore, to the virtually tautomeric compounds (compare 
B. 34 , 4202). 

Silver nitrate precipitates the silver salt, C7Hf,(C2H3N2Ag). Chli)rido 
of lime replaces tlie iminc hydrogen by chlorine, which readily exchanges 
its place with a benzene hydrogen atom : 

This chlorination may be continued until all of the hydrogen atoms 
of the benzene nucleus have been replaced by chlorine and there is 
finally obtained iV-Chloro-B2-trichloro-/^-methyl tolirninazole. 

N -A cetyl -fj^- mcthyltoUminazole, C7Hg(C2H3N 2 . COCH3) , is f onned 
when acetyl chloride acts upon the silver salt. The l^~henzoyl deriva- 
tive, melting at 92'", is formed from the base and benzoyl chloride, while 
benzoyl chloride and sodium hydroxide produce dibenzoyl toluylene- 
diamine. /^-McthyltoUminazole condenses with benzaldehyde to cin- 

namyl toliminazole, iCH and with phthalic 

anhydride to 2iphthalone (compare quinophthalone), which is oxidized by 
potassium permanganate to toliminazole-ii-carboxylic acid, C8H7N2.- 
COOH. 

1,2-Naphthimmazole, CioH 3(N2H)CH, m.p. 174®, gives on oxidation 
with chromic acid Benziminazole-o-dicarbozylic acid, (COOH)2 CqH2- 
(N2H)CH, m.p. 251° (B. 32 , 1312). A^-Metbyl-9,io-phenanthriminazole, 
Epiosin, (C3H4)2C2(N2.CH3)CH, m.p. 195°, is formed from 9,iO'-amino- 
phenanthrol by heating with alcoholic methylamine solution. It acts 
physiologically like morphine (C. 1902, I. 1302). On polymeric benz- 
iminazoles, see B. 25 , 2712. 

Benzylene-benziminazole, m.p. 210®, results from 

the condensation of o-phthal- aldehyde with o-phenylenediamine. 
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Gentle oxidation with KMn04 converts it into o-Benzoyleno-l) owa!iniin- 
CO — — c.H. 

azole, . yellow needles, m.p. 213°, the lactam of 

/i-phenyl iminazole-o-carboxylic acid, m.p. 266°, also obtained by the 
condensation of o-phenylencdiamine with phthalic anhydride or 
o-phthalaldehydic acid, as well as by reduction of o-nitro-phthalanil 
(B. 42 , 4287). 

Bisbenziminazoles are made by reducing the o-nitro-oxanilides 
(A. 209 , 257): 


/NH— CO— CO— nh . 
C.H.<' V.II, 

^NO, 0,N/ 



Disbonzimmnzole, m p. above 300®. 


Benzobisiminazoles are formed from the o-diaminobenziminazoles 
and carboxylic acids (B. 22 , 1652) : 


CHj.C 


> N ,NH, . N N . 

\ >c,h/ +CH3.C00H— >cii,.c< >0.113/ >C.CH,. 

\nii/ \nh, \NIK \nII/ 

o-Di.iinmobenzo-/u.-iiicthyliminazolc. P 3 enzol)is-/u.-methylinunazole, m.p. 145®. 


Benzvminazolc hydyides, benziminazolincs, arc not known with cer- 
tainty. The primary products resulting from the interaction of mono- 
alkylic o-diamines and iildeliydes arc considered as such. They give 
up hydrogen and readily change to benziminazolcs (B. 25 , 2827). 
The condensation products of acetoacctic ester with o-tolylenedi- 
aminc (B. 25 , 606) behave similarly. Methylene iodide and dibenzene- 
sulphonyl-o-phenylene-diamine yield dibenzenesulphonylmethylene-o- 

phenylene-diamine, melting at 148°. It 

can be considered as a derivative of the simplest benziminazoline. In 
an attempt to split off the bczenesulphonic groups with hydrochloric 
acid it was rcsinificd (B. 28 , R. 756). 

These substances can be considered as derivatives of hydrobenzi- 
minazoles, which result in the moderated reduction of acidylated 
o-nkranilines with ammonium sulphide (B. 22 , 139b) : 


/NH.COCII3,. /NIL N-- 

C7He< 1 \CXII3 (or >C.CIl3). 

Nn 5 NN(OHy 

Acet-o-mtiotolujde. Oxy-fi-mctliyltolimin.izolc. 


These are relatively stable bodies, which yield benzimin azoles when 
they are distilled with zinc dust. 

Oxibenziminazole, , m.p. 210°, from o-nitrofonn- 

anilide with AmgS, easily transposes into the isomeric o-phenylenc 
urea under the influence of various reagents. /^-Methyl-oxibenzi- 
minazole, m.p. 251'’. 

Benziminazolinols are formed from the alkyl halides of the iV-alkyl 
benziminazolcs with aqueous alkalies, and synthetically from o-phenyl- 
ene dialkylamines with carboxylic acids (see p. 109). Their reversion 
to these components was diseflssed above. With HI they regenerate 
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the iodo-alkylates of the iV-alkyl benziminazoles, and by oxidation they 
easily pass into the stable o-phenylcne ureas (see below). AT-Dimethyl- 
benziminazolinol, CgH4(NCH3)2CH(OH), m.p. 74°, is broken up by 
boiling with NaOH into formic acid and o-phenylcnedimethylamine ; 
the latter with acetic anhydride gives ^.N-Trimethyl-benziminazolinol, 
C,H4(NCH3).3C(0H)CH3, m.p. 164°. m-Nitro-iV-dimethyl-benzimin- 
azolinol, m.p. 128°, from the iodomethylate with soda or ammonia, 
is split up by mere treatment with cold NaOH. A compound not 
easily split up is JV-Phenyl-JV-methyl-benziminazolinol, m.p. 168°. 
R.2:-i,3-dimethyl-benzo*Ar-dimethyl-iminazolinol, (CHjI^CjHjfNCHajj- 
CH(OH), m.p. 135°, is only broken up by heating with ale. NaOH 
under pressure (B. 34 , 936, 4202; 36 , 3967; J. pr. Ch. [2], 73 , 
419). 

The cyclic phenylene ureas, -thioureas, and -guanidines arc keto-, 
thio'f and imidobenziminazolines, which result from o-diainines with 
COCI2 and CSCI2 or CS2, with urea and thiourea or ammonium sulpho- 
cyanide, with phenyl mustard oil and carbodi-imide : 

C,H4<^^»+C0CU (or CSClj) >C,H4<^"{|>CO (or CeH4<^”>CS) 

CjH^ +C{NC jH5)j >Cjll4<^pj>C : iSiCjHj. 

Carbodiphcnyliiiudc. Wicnyleiicphi nyl guaiiidint*. 

In many respects these bodies behave like oxy-, sulpho-, hydio-, 
and amino-derivatives of benziminazoles, and permit a choice from the 
two formulas: 


c.H4<( 


NH 

nh' 


>CO(S.NH). 


11 , 


N 

C.H,/ \c.t)}I(SH.xMIIj 
^Nll/ 


0-Phenyleneuiea, Benziminazdone, CgH4(N2H2CO), melting at 
308°, is also obtained from o-aminophenylurethane (B. 12 , 1296; 
23 , 1047). o-Toluyleneurea, C7H(j(N2H2)CO, melting at 290°, also 
results in the saponification of fi-elhoxytoliminazole, C7H^j(N,H): 
C(OC2Hg), melting at 163°. The latter is the reaction product of 
imidocarbonic ester and (?-toluylenediamine. 

o-Phenylene-thio-urea, Thiobenziminazoline, CgH4(N2H2)CS, melt- 
ing at 298° with decomposition, is obtained from phenylenediamine 
sulphocyanide (A. 221 , 9; 228 , 244). 

o-Phenylene-phenyl^uanidine, fi-AnilinobenziminazoHne, CqH 4- 
(CNgHgCgHg), melting at 188*^, is obtained from carbodiphenylimide 
and o-phenylenediamine. 

The oxazoles and thiazoles correspond to the iminazoles. The latter 
were regarded as cyclic amidines, and the former may be looked upon 
as cyclic imido-ethers and alkylene thioamides. As a rule, these 
bodies are as little changed by reduction to hydride bases as the 
glyoxalines or iminazoles; they remain unaltered or are decomposed 
(compare B. 29 , 2381). 
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7. OXAZOLES OR FURO-[b]-MONAZOLES. 

3^ (^) 2 

N----CH. X 

The oxazoles or fuyo-[h'\-monazoles, | are isomeric with 

CH — CIi 

, 4(/3) (<x)5 

tlie isoxazoles (furo-[^]-monazoles, p. g8). Oxazoles are produced 

(i) by the condensation of a-haloid ketones with acid-amides (B. 20, 

2576; 21, 2195): 


C„TI,CO 


NIT 




.C.CIl, 


C,n,,l$r 




C.H,C N,^ 

i! >c.cna. 

CH— (X 

4- Phei 1 y 1- 2 - me th y 1 oxazole. 


It may be assumed that here the ketone and amide react in the 
hydroxyl form. 

(2) From acylated a-amino-ketoncs by the action of PCI5 or cone. 
ILSO, (13. 43, 1283; C. 1910, I. 658; sec furans): 


CII NH 


CH,CO 


Vx) 


CHo or 




CH— N 


CHxbii wo/ 


CJLC- 


^c.cn,. 


(3) When concentrated sulphuric acid acts upon benzoin and acid 
nitriles (13. 26, R. 496) : 


CflH^.CO 

ColIs.Cfl.OII 

llcnzoiri. 


+ N--C.CIIa 


CoH.C- 


-N. 


> II , >C.CH3. 

4,5-Dipliri)yl-:i“mfithyloxazolf‘. 


(4) When hydrochloric acid gas acts upon mandelo-nitrile (and 
homologues) and benzaldchydes (B. 29, 2097) : 


CJI3.CHOH 
C- - N 


H- OCll.CaH. 


CeH^.C O. 

->■ {j ^ * ^0^ 

Cl-U-N^ 
2,5-Lljphenyloxazolc. 


Similarly, from benzilic acid and benzonitrile we obtain with cone, 
sulphuric acid triphenyl oxazolone: 


(CoH,),COH 

COOH 


+ N-CCell, > 


CO— n/ ® ®* 

Triphenyl-ox azolonc. 


The oxazoles arc feeble bases. They break down into acids and 
amines on evaporation with hydrochloric acid. Oxidants and reducing 
agents frequently rupture the oxazolc ring with great ease. The 
parent substance of the group is not known. 

4-Phenyloxazole, C3H2(C^H5)NO, melting at 46® and boiling at 222®, 
is made from formamide and bromacetophenone. 4-Phenyl- and 
4,5-piphenyl-2-methyloxazole, melting at 45® and boiling at 242®, and 
melting at 44® and boiling at I92®-I95® (15 mm.) (see above). 5- 
Methyl-2-phenyloxazole, from benzamide and chloracetone, is con- 
verted by alcoholic ammonia into phenylmethylglyoxaline, 

2,5-Dimethyloxazole, b.p. iq 8®, from acetamide and chloracetone, 
or from acetamino-acetone and PCI5, gives on reduction 2,5-dim6thyl- 
VOL. III. I 
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oxazolidine, b.p. 159°, and on oxidation 2-methyloxazole-5-caiboxylic 
acid, m.p. 288® (B. 30 , 2254). 5-Methyl-2-phenyloxazole, b.p. 255°, 
and 5-phenyl-2-methyIoxazole, m.p. 59°, b.p. 255°, from benzoyl amino- 
acetone and acetaminoacctophenone respectively. 

2,5-Diphenyloxazole, melting at 74® and boiling above 360®, is 
formed from benzamide and phenylbromacetaldchyde by method i, 
and, together with benzalmandelic amide, from the nitrile of mandelic 
acid and benzaldehyde by method 3 (B. 29, 205). Chromic acid oxi- 
dizes it to phenylglyoxylbenzamide, C^HqCO.CO.NH.CO.CqHq, while 
sodium and alcohol reduce it to the amine, C^^H^CHg . NH . CHg . - 
CH(OH)CgH5. Nitric acid apparently produces a nitrodiphenyl- 
oxazole. It is converted into diphenyliminazole when heated with 
ammonia. 

Triphenyloxazole, Benzilam, (CgH5)3C3NO, m.p. 115®, is formed from 
benziles with concentrated ammonia (B. 35, 4137). 

Dihydro-oxazoles, oxazolines result from the condensation of ^-halogen 
alkylamides of carboxylic acids by means of alkalies (B. 22, 2220). 
Benzimido-chlore thy 1-ether passes into the chloroiiydrate of phenyl 
oxazoline even on gentle heating, and the latter, at 100°, transposes 
further into chlorethyl benzamide (B. 35, 164) : 


C H c/® 

\nH CHoCl 




O.CH2 

N.CH, 


HCI 


N.iOII 


C«H,C 


, o cH.ri 


^NH.Cli 


2-PhenylOxazoliiie, boiling at 243®, is broken down, in the reduction 
with sodium and amyl alcohol, to hydroxycthylbenzylainine, OHCII, .- 
CHo.NHCHgCeHfi (B. 29, 2382). 

2-Methyloxazoline is an oil. Its picrate melts at 159® (B. 23, 2502). 

4-Methyl- 2 -phenyloxazoline, boiling at 244®, is obtained from 
/7-brompropylbenzamide, also from allylbenzainide, C^Hg.C'O.NH.- 
CHg.CHiCH^, with concentrated sulphuric acid (B. 26, 2840) (com- 
pare glyoxali dines). 

Eeto-dihydro-oxazoles or oxazolones are represented by the lac- 
tone-like anhydrides of the a-bcnzoyl-amino- aliphatic acids — e.g., 


r H * 

\N— ChCH,’ 

Tetiahydro-oxazoles, oxazolidines. These are the condensation 
products of aldehydes with amino-alcohols (B. 34, 3484) : 


KCHO + 


HO.CHa 

R'NH.CHa 


-> RCH 


/O CIJ3 

XNR'.CHg 


They form distillable liquids, easily split up by hydrolysis into 
their components. AT-Methyloxazolidine, b.p. 100®, 2-Methyloxazolidine, 
b.p. 141°, 2,3-DiiuethyIoxazoIidine, b.p. 109® (compare 2,5-Dimethyl- 
oxazolidine), 2-Phenyloxazolidine, b.p. 284®. 

Amino^oxazolines or iminotetrahydro'oxazoles arc the so-called 
allylene-v-ureas. 

Ethylene-v-^da^ 2-amino-oxazoline, 1 * ^c. 

melts at 158°. 

PrOOTlene-v’-urea, 2-amino-$-inethyloxazoKne ; its picrate melts at 
186®, These compounds result from the action of potassium cyanate 


.NH2 ; its picrate 
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upon / 9 -bromethyl- and -propylamine. 4,5-Diphenyl-2-aminoxazoline9 
melting at 154°, is formed from diphenylhydroxyethylamine and 
potassium cyanate (B. 28 , 1899). 

Derivatives of a keto-tetrahydro-oxazole are formed from carb- 
amino ^-halogenalkyl esters by rejection of HCl (C. 1911), and diketo- 
derivatives from the phenyl urethanes of the a-oxy-acid esters (C. 1898 
II. 480; 1902, II. 342): 

C.H.NH C.CH,V ^ C.H.N— CHA C.H,NH ROCOV _ C.H,N_COV ^ 

CO 0/ * CO — 0 _y * CO 0/ * CO — 0/ * 


8. BENZOXAZOLES. 

These, like the production of benziminazolcs from o-phenylenc 
diamines, result upon heating o-aminophenols with carboxylic acids: 

+ CH3 XOjH r- C,H,/°^CCn, + 2 HjO. 

o-AinmopheiioI. /u.-Mcthylbcnzoxaiolc. 

The benzoxazoles, also called alkenylaminophcnols, are weak bases. 
They are resolved into their components on digesting them with acids. 
Spme benzoxazole derivatives are substantive cotton dyes (B. 28 , 
1127). 

Benzoxazole, Methenylaminophenol, CeH4<^®^CIl, melts at 31° and 

boils at 183®. It is volatile with water vapour, and is formed by heating 
o-amino-phenol with formic acid, or heating o-formylamino-phenol 
to i6o°-i 70®. It is split up again to formylamino-phenol on merely 
boiling in water. It resembles the isomeric anthranil (B. 36 , 2054). 
Heated with CH3I it forms an iodo-methylate, m.p. 183° with dec.,^ 
which is decomposed by dilute HCl with formation of A^-methyl-o- 
amidophcnol. 

/i-Methylbenzoxazole, ethenylaminophenol, boils at 201®. /t-Phenyl- 
benzoxazole, melting at 103°, is also formed in the reduction of benzoyl- 
o-nitrophenol (B. 9 , 1526; 29 , R. 358; A. 210 , 384). 

/xlAminophenyltoluoxazole, cii3.Cen3<J^^c.CaH4Niia, melting at 
188°, is produced in the reduction of ^-nitrobenzoyl-m-nitro-/)-cresol. 
By combination of its diazo-dcrivative with ^-naphthol, etc., carminc- 
red, acid-stable substantive cotton dyes are produced. 

Oxy- and //w’o-derivatives of the benzoxazoles are obtained from 
o-aminophenols with COCI2 or ClCOgR and CSo or CSClg. Amino- 
derivatives result on heating thio- or oxy-compounds with amines. 
Here, as in the case of analogous bcnziminazole compounds, two formulas 
may be considered for these bodies: 

C.H./O^C(Sn) C.H4/0)>C(NH,) 

jui'Hydroxybeozoxazolc. ^•Thiol>enzoxazoIe. /m-AminobenzoxazoIe. 

Isomeric alkyl compounds fire derived from the two forms of 
hydroxybenzoxazole, which may be distinguished as lactim and lactam 
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ethers or O- and N-alkyl derivatives. The aminobenzoxazoles exhibit 
similar conditions. 

/^-Hydroxybenzoxazole, Carhonylaminophenol, C7H5NO2, melting at 
137°, is insoluble in alkalies. Ethyl iodide converts it into an 
N-ethyl derivative. Benzoyl derivative, m.p. 174° (C. 1898, 1. 
1277). 

iV-Ethylbenzoxazolone, at 29°. /^-Ethoxy- 

benzoxazole, CflH4<^^^coC2H5, is formed from iminocarbonic ester 

and o-aminophenol (B. 19 , 2655). A dibromocarbonyl aminophenol, 
m.p. 255*^, is formed from salicylic acid amide with KOBr (C. 1900, 
I. 256). /x-Thiobenzoxazole, C^H^NSO, melting at i93°-i96°, is 
soluble in alkalies and ammonia. It is obtained from aminophenol 
hydrochloride by the action of potassium xanthogenate; also from 
o-hydroxyazobonzene and CS.,. 

At-Anilinobenzoxazole, C7ll5N.>0(Cj.H5), melting at 137°, is produced 
simultaneously. The latter is also formed on heating thiobenzoxazole 
with aniline. /x-Aminobenzoxazole, C.H-N^O, melting at 130°, is 
isomeric with o-phcnylene urea (p. 112). It results on splitting off 
hydrogen sulphide from o-hydroxyphenylthiourea by means of mercuric 

oxide. /^-Phenylimino-A^cthylbenzoxazolone, ^ j 

is formed from iV-cthylbenzoxazolone and aniline (J. pr. Ch. [2], 42 , 

450). 


9 TIIIAZOLES OR TIlTO-[l)J-MONAZOT.ES. 

/ Just as the oxazoles are prepared from acid-amides, so the thiazoles 


or thio-[h]-mo 7 tazoles, 


3 


M 2 
CH. 

-CH 


\c 




CH. 

^ iP) {<1) 5 

and a-haloid ketone derivatives; 


arc obtained from the thio-amides 


HC : O 

HjCCl 

Chloraldehyde. 


HN. 

>C.CH 

HS/ 

Thiaectamide. 


3 


IlC-N 

-> II >C.CH3. 

HC— S/ 

/x-Methyl Thiazol. 


Further, thiazole and its homologues result from the action of 
nitrous acid and alcohol upon /x-aminothi azoles, just as the benzene 
hydrocarbons arc obtained from the anilines. 

Behaviour , — Thiazole may be derived from pyridine, just as thiophen 
is derived from benzene — i.e., by imagining a CH * CH-group replaced 
by sulphur. Accordingly, the thiazoles show a like agreement or 
similarity in their physical and in part in their chemical properties 
with the pyridines, just as the thiophens do with the benzenes. 

The thiazoles are tertiary bases, forming addition-products with 
alkyl iodides. As a rule, they are stable toward oxidizing agents; 
chloric acid, however, destroys them. 

Thiazole, C3H3NS, boiling at 117°, has an odour like that of pyridine. 
It results when N2O3 and alcohol acl upon /^-aminothi azole. C3H.,- 
NS.HCl.AuClg melts with decomposition at 248®-250°. C3H3NS.- 
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HgClg melts at 202°-204°. 5-Methylthiazole, C3H2(CHj,)NS, boiling 
at 232°, is obtained from its amino-compound and by distilling methyl 
oxythiazole with zinc-dust (A. 250 , 279). The isomeric 2-methyl 
thiazole, boiling at 128°, with an odour like picoline, is prepared from 
monochloracctone and thiacctamide. 2,5-Dimethylthiazole, boiling 
at 143*^, from cliloracetone and thiacetamide, when reduced by sodium 
and alcohol is resolved into elhylpropylamine and hydrogen sulphide. 
It condenses, like the a-methylated pyridines, with formic aldehyde to 
an alkine, C3HNS((:H3)(CH2XH20H) (B. 27 , 1009). 

Trimethylthiazole, C3(CH3)3NS, melts at 167^ 5-Phenylthiazole 
melts at 52° and boils at 273“. Triphenylthiazole, melting at 87°, is 
formed from thiobenzamide and bromdesoxybenzoin or desylbromide. 

Halogeno-thiazoles are prepared by acting with concentrated haloid 
acids upon diazothiazoles : 

2-Chlorothiazole boils at 145® and 2-bromothiazole boils at 171°. 

2~Aminothiazoles result from the action of a-haloid keto-compounds 
upon thioureas' 


CII3.CO NH. CII3.C— 

-f >c~-xir, > 11 

H.CCl HS^ HC— 

a-Cliloiacctouc. Thiourea. 4-MethyI-2-amiclothia2oI. 


Substances arc formed from the symmetrical dialkylic thioureas 
which are derived from iminothiazoline. Consult A. 265 , no, for iso- 
meric monalkylaminothiazoles. 

The aminothiazoles are similar to the anilines. They can be con- 
verted into diazo-compounds, and through these into haloid thiazoles, 
thiazoles, thiazole- azo-dyes, etc. 

2-Amino-thiazole, Cjll2(NH2)NS, melting at 90'^, may be prepared^ 
from dicJilor-ether and thiourea. Its nitrate is converted by N.^Og into 
diazothiazole hydrate, C3H2(.N: NOiI)NS, which yields yellow to 
brown-coloured azo-dyes with resorcinol, naphthol, etc. (A. 246 , 
40). Metliyl-2-amino-tliiazole, C3H(CH3)(NH2)NS, melting at 42^" and 
boiling at 136° (30 to 40 mm,), is formed from cliloracetone and thiourea 
or aramonium sulphocyanide (B. 20 , 3127). Phenyl-2-aminothiazolG, 
C3H(CgH^)(N H-JNS, from w-chloracetophenone, yields phenyldiazo- 
thiazole hydrate (A. 261 , 14). 3,4-Dimethyl-2-methylimidothiazoline, 
HC— s. 

II >C : NCH3, melting at 96°, is obtained from chloracctonc 
CHjC— N< CHg 

and symmetrical dimethylthiourca. 

Hydroxythiazoles are obtained from a-sulphocyano-ketoncs by the 
action of alkali : 


HjC.SCN . 
Sulpbocyano-acetophenoue. 


CJIfi.CO IlaN. 

1 )>CO- 

H*C 

C.irbdiuotUiol.icetophenonc. 


C,H,C-N 

-> II >C(OH). 
HC— S/ 

4-Pheiiyl-2-h>’droxythiazol. 


4>Methyl-2-hydrox3rthiazole, C 3 H(CH 3 )(OH)NS, melting at i6o®, 
resiUts from the exit of carbon dioxide from its carboxylic acid, and 
also when alkalies act upon sidphocyanacetone (A. 259. 297; B. 25. 
3652). 5-Plienyl-2-hydioxythiazole melts at 204° (A. 249, ib) (see above). 
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Mercaptothiazoles result upon heating a-chloroketones with ammo- 
nium dithiocarbaminate : 

CH— s. 

4-Methyl-2-mercapto-tliiazole. II >c.sh, melts at 90 . 

CH3.C 

2-Phenylmercapto-thiazole melts at 168° (B. 26 , 604). 

Thiazole Carboxylic Acids. — Their esters are produced in the con- 
densation of chloracetoacetic ester, chloroxaloacetic ester, etc., with 
thioamides : 


COgK.CHCl 

ciig.io 

a-Chloracctoacctic Ester. 


HS. 


ecu. 


COjR.C— S. 

\C.CH,. 


NfK ' CH,.C— 

Thiacetaiuide. Dimetliylthiazole-5-caiboxylic Ester. 


Furthermore, the amino-, oxy-, and met capto -thiazole carboxylic acids 
are formed by reactions similar to those employed for the amino-, oxy-, 
and mcrcapto-thiazols, if instead of the ketone derivatives the corre- 
sponding ketone carboxylic acids are introduced into the reactions. 

4-Methylthiazole-5-carboxylic acid, C3(CH3)HNS(COOH), melts at 
257°. Its ester is obtained from aminomethylthiazole carboxylic ester 
(see below) by converting it into chlorothiazolecarboxylic ester and 
then reducing the latter. 

2-Metliyl-4,5-thiazoledicarboxylic acid, C3(CH3)(COOH)2NS, melts 
with decomposition at 169°. It is formed from chloroxaloacetic ester and 
thiacetamide. 2-Methyl-4-thiazylacetic ester, C3H(CH3)(CH2.C02R)NvS, 
boiling at 239®, is formed from y-bromacetoacctic ester and thiacetiimido. 

2-Aininothiazole-4-carboxylic acid, sulphuvinic acid, C3HSN(NH2)- 
C00H( + 2H20), decomposes at 245®, and is formed from dibromo- 
pyroraccmic acid. Its ester, melting at 173®, is produced from mono- 
.bromopyroracemic ester and thiourea (A. 261 , 25). 

2-Amino-metliylthiazole-4-carboxylic ester, melting at 175°, is 
obtained from a-chloracetoacctic ester and thiourea. Its diazohydrate 
melts at 100® with decomposition 2-Hydroxy-4-methyIthiazolecarb- 
oxylic ester, C3(OH)(CH3)SN.COOC2H5, melting at 128®, is formed 
from a-sulphocyanacetoacetic ester (A. 259 , 284, 298). 2-Mercapto-4- 
methylthiazolecarboxylic ester, C3(SH)(CH3)SN.COOC2Hfi, melting at 
141°, is formed from a-chloracetoacetic ester and ammonium dithio- 
carbaminate (B. 26 , R. 604). 

Dihydrothiazoles or thiazolines are synthesized from (i) alkylenc 
haloids, or ^-haloid alkylamines and thioamides (B. 24 , 783 ; 29 , 2610) : 


CHa-NHa NR CH,— N. 

1 + >CXH 3 >1 \C.CH 3 . 

CHa.Br SH^ CHa—S / 

(2) By the action of P2S5 upon acidyl-i?-bromalkylamides (B. 26 , 

1328): 


NH— CH, „ ^ 

Con5.C<" 1 CaH,.c/ I 

CHoBr \ S— CH« 


CHaBr 


The thiazolines are much more readily decomposed than the thiazoles. 
2«Methylthiazoline, boiling at 145®, on«evaporation with hydrochloric 
acid, becomes /?-amino-ethyl mercaptan. 2-Phenyltbiazolme, boiling 
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at 276°, is obtained from benzoyl-^-bromethylamide by the action 
of P^Sj. It yields benzoyltaurine when it is oxidized: 


CH,— s. 

I >C.C.H, --^>1 ■ ■ (B. 23, 158 ). 

CHj— N' CH,— NH— COC.Tl, 

5-Methyl-2-tolylthiazoline, C3Hj(CH3)(C7H7)NS, boiling at 295°, is 
made from /?-brompropyltolylamide and KSg. Thiazoline-2-mercaptan« 

Cl I 107°, is prepared from bromethylamine 

and CS2 (B. 22, 1152), as well as by the action of carbon bisulphide 
upon vinylamine, CHo : CH.NH2 (B. 28 , 2932). 

The alkylene derivatives of Wo- thiourea, previously discussed, 
are aminothiazolines. They have mostly been obtained by rearrange- 
ment of allyl thioureas {thio$inamines, I. 409). 2-Aiiilino-5-methyl* 
thiazoline, ^-Phenylpyopylene-y) 4 hiourea, €3113(0113) NS(NHCgH5), melt- 

CJEI — CH HS 

ing at 117°, is made from allyl phcnylthiourea, * | ScNHCeH^ 

/O V CH.— 

(B. 22 , 2991). 

2-Piperidyl-5-methylthiazoline, C3H3(CH3)NS(NC-Hio), boiling at 
277°, is obtained from allylpiperidylthiourea (B. 24 , 265). 2 -MeWl-' 
amino-4,5-diphenyltliiazoline, C3li2(C6H3)2NS{NHCH3), melting at 155°, 
is derived from diphenylhydroxycthylamine and methyl mustard oil 
(B. 28 , 1900). 

The following arc derivatives of tetrahydrothiazole : 
2,4-Diketotetrahydrothiazole (I.), melting at 112'*. It results on 
evaporating sulphocyanacetic acid or sulphocyanacetamide with acids 
(B. 26, R. 324; I. 4O9), 

2-Thio-4-keto-thiazolidine, rhodaninic acid (IT), from chloracetic 
acid and ammonium sulphocyanate (C. 1903, 1 . 283; 1908, II. 1038)^ 
and 4-keto-2-imido-tliiazolidine, />s^Wo-thiohydantoin (III.), m.p. 71^": 


(B. 23 , 158). 


>CNHCeHfl 


CHo— S\ 

(1) • * >CO. 
CO.NH/ 


CHa— S\ ^ 
(H) . OCS. 
^ ^ CO.NH/ 


CHo— S\ 

co:nh>=^«- 


2-Imido-4-keto-thiazolidine acetic acid, m.p. 216° with decomposi- 
tion, from chloro-succiiiic acid and thiourea (B. 27 , R. 742), gives the 
diketo acid m.p. 169° on hydrolysis. 


10. BENZOTHIAZOLES. 

The benzothiazolcs, the analogues of the benziminazoles and ben- 
zoxazoles {anhydro-hases) are prepared "(i) from o-aminothiophenols 
(II. 209) and carboxylic acids (their chlorides or anhydrides) by the 
exit of water (A. W. Hofmann, B. 13 , 1224) : 

CaH4<^^lj^ + COOHR ^ 

(2) Upon heating acid anilides with sulphur, or oxidizing thio- 
anilides with potassium ferricyanidc: 

Thiobcnzaailido. M'Plieiiylbeacotliiazole 


<4 



120 


ORGANIC CHEMISTRY 


Phenylbenzothiazole is also produced on heating benzylamine with 
sulphur. Hydrogen sulphide is evolved and thiobenzanilide is first 
formed, which then reacts in the sense above indicated (A. 259, 
300). 

Similarly, the action of Br in chloroform solution upon ai'ylthioureas 
produces cyclic phenylene-v-thiourcas and /A-aminobenzothiazoles 
(B. 36, 3121). 


The benzothiazoles are feeble bases; their odour resembles that of 
quinoline. F'usion with caustic potash resolves them into amino- 
thiophenols and carboxylic acids. 

Different benzothiazole derivatives ai*e important as substantive 
cotton dyes. 

Benzothiazole, methenylaminothiophenol, CcH4(NSCH), b.p. 234°, 
is formed (i) from o-aminothiophenol and formic acid ; (2) from 
formanilide and sulphur; (3) from dimethylaniline on heating with 
sulphur (B. 31, 3164) ; (4) from o-nitrophenylthioglycollic acid on 
heating with concentrated NaOH (M. 28, 270). Benzoyl chloride and 
NaHO splits up benzo-thiazole (like benziminazole) into dibenzoyl-e- 
amino-phenol and formic acid (B. 38, 3430) : 


+2C.II5COCI +NaOH 


Benzisotbiazole, 


C.H 


/CH\ 

>*• 


boiling at 242^ js isomeric witls 


benzothiazole. It is formed in the reduction of the e-nitrobenzyl ester 
of carbaminthiolic acid or of o-nitrobenzylmcreaptan (IL 251) (B. 28, 
1028 ; 29, lOo), /^Methylbenzothiazole, CpH4(NS(\2H^), boils at 238*". 

)u-Phenylbenzothiazole melts at 114''. />t,^-Amino-phenyl-tolutluazole, 

Dehydrothiotoluidine, melting at 191°, 

h produced when thiotoluidinc is heated with sulphur. Its triniethyl- 
ammonium chloride derivative is the dye Thioflavine. Deliydrotoluidine, 
when further heated with thiotoluidine and sulphur, yields the base 

of the dye Primuline : 


CH3 . CeH3/ ^ pc . C0H3/ pc . C^H.NH^. 


A series of benzothiazole derivatives has been obtained from chlor- 
phenyl-mustard oil,” or //-chlorbenzothiazole, CeH^^^.^cci, melting at 

24° and boiling at 248®. It results when PCI5 acts upon phenyl- 
mustard oil. The reduction of chlorphenyl-mustard oil leads to benzo- 
thiazole; with alcohol we get /t-hydroxybenzothiazole ; with sodium 
ethylate, /^-ethoxybenzothiazole; with sodium sulphydrate, sulphydro-, 
with ammonia, amino-, and with aniline, anilino-benzothiazole. /a- 
Hydrozybenzothiazole, CgH4(NSC0H), melting at 136°, is formed from 
chlorocarbonic ester and amino thiophenol. /^-Ethoxybenzothiazole, 
CgHj(NSC02Hg), melting at 25° and boiling above 360®, results upon 
oxidizing phenylthiourethane with potassium ferricyanidc. 
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/t-Sulphydrobenzothiazole, C^H4(NSC.SH), melting at 179°, is also 
obtained from aminothiophenol and CSg; from azobenzene with CS2; 
from phenyl-mustard oil and sulphur, etc. (B. 24 , 1403). fuAmino- 
benzothiazole, C,5H4(NSC.NH2), melts at 129° (B. 13 , ii). fi-Anilino- 
benzothiazole, CgH4(NSC . NHC0H5), melting at 159°, is also formed from 
azobenzene and phenyl-mustard oil (B. 24 , 1410). Amino-benzo- 
thiazole with methyl iodide yields AT-methyl-imino-benzo-thiazoline, 

: NH, m.p. 123° (B. 43 , 1519). 

Benzo-thiazole-carboxylic acid, CgH4(NSC)C02H, melts at io8°, 
decomposing into COg and benzo-thiazole. It is fonned by the oxida- 
tion of thio-oxanilinic acid, C^H^NH.CSCOoH, with potassium ferri- 
cyanide in alkaline solution (B. 37 , 3710). 

Bis-benzothiazole, >• (B. 29 , R. 87). is pro- 

duced when sulphur is heated with acetanilide. 

The hypothetical nucleus of Selenazole, 1 ySe. corresponds 

C H — - CH'^ 


to thiazole. Some derivatives of it have been obtained in a manner 
similar to that used with the analogous thiazole derivatives. 2-Methyl 
X - — •0(0113), 

selenazoline, I ^ boiling at 161°, results on treating di- 

acetamidoethyldisclenide, (CH3.CO.NH.CH2.CH2Se)2> with phosphorus 
l)entachloride. It is an oil with an odour resembling that of pyridine 
(H. 25, 3048). 2 -Imidotetrahydroselenazole, Ethylene -xp-selenurea, 

Nil— C(NH)v 
I 


Cllg- 


--CH 


/ 


is an oil. It is obtained from bromethylaniine and 


potassium sclenocyanide (B. 23 , 1003). 

The following four groups of pyrro-diazoles or triazolcs can be divided 
into two families: (i) groups with adjacent N-members; (2) groups 
with divided N-members. The root-bodies of the pyrro-Laai]- add 
[fl^]-diazoles on the one hand, and the pyrro-[a^iJ- and [6^i]-diazoles on 
the other st‘em to coincide. They can be distinguished as v- (adjacent) 
triazolc and s- (symmetrical) triazole, and we may represent their faculty 
of desmoiropy by the following formula (compare C. 1902, I. 426; B. 35 , 

■ CH— N— CH\ 

s-Tnazole : I H ^N. 

N— 


z;-Tnazole : 


:J 11 >N. 


The same uncertainty attaches to those derivatives which are only 
substituted at the C-atoms. On the other hand, we may distinguish 
with certainty the four groups indicated by theory in their iV-alkyl and 
iV-aryl derivatives: 


CH : N\ 
CH:N/ 


NR. 


ryrro[afli]diazolcs. 


CH ; CIK 

>NR. 
N- - -N/ 

ryrro[a6]di azoles. 


N : CH\ 

>NR. 
N : CH/ 

P y rro [66|]di Jizoles. 


N ;CH\ 

>NR. 
CH : n/ 

r> rro[a^i]cliazoIes, 


CH— N. CH=N 

N. ii. Osotriazoles or Pyrro[aa.]diazoles, I h )>n and I >nr. 

• ^ CH— CH=N/ 

have been obtained by the following methods: 
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(1) By the condensation of azoimide with acetylene or a-acetylene 
carboxylic acids on heating the components in ethereal solution (B. 489 

CH HNv CH— N\ 

2219; C. 1910, II. 225): II! + I yN > I H ^N. 

^ ^ CH n/ CH— n/ 

The esters of azoimide combine with acetylene and a-acetylene 
carboxylic acids to form derivatives of pyrro-[ai!?]diazole. 

(2) By the condensation of diazo-methane with some hydrocyanic 
acid derivatives like CICN, BrCN, dicyanogen, and cyano-formic acid 

R.C— N KC— N. 

ester (C. 1907, II. 1491, 1738; 1901, I. 1532): „ 

^*-'''(3) By boiling with acids or distilling the osazones of o-diketo- 
compounds, or the oso-tetrazines, which are the oxidation products of 
the osazones: 


CJ^g.C-N— NHCeHc 

CeH6.C=--N— NHC.Hg 
licuzil osazonc. 


CJIr.C=N, 


Bcnzd osotctrazoQC. 


> 1 >NC.H,. 

c„h,C--n/ 

Triphcnylosotriazole. 


Similarly, A^-dibenzoylaininoosotriazoles are formed by the trans- 
position of dibenzoylosotetrazines on heating alone or with HCl. 
The iV-aminoosotriazoles, treated with nitrous acid, yield osotriazoles 
with evolution of nitrous oxide (B. 42 , 659; J. pr. Ch. [2], 78 , 544): 


CH3.C:N.N.C0C«H6 ^ CH 3 .C:N> 

I I — 

CHo.C:N.N.COC«H* CII, 


•C:Nv 

I >N.N(C0C3H,)3~— > 
,C:N^ 


CHa.C.K 

■ Nn.nik 


CHo.C:N^ 


(4) From the hydrazoximes of a-diketo compounds by removal of 
HgO with acetic anhydride or PCI5. Methylphenylhydrazone oximes 
of a-diketones also yield osotriazoles with loss of methyl alcohol 
(Pechmann, A. 262 , 265). On oxidizing the hydrazoximes with N2O4 
or HgO in chloroform, we obtain itndoxy-dihydro-pyrro[^i'^il\■’diazoles, 
w'hich easily pass, by reduction or on treating with PCI5, into the 
osotriazoles (J. pr. Ch. [2], 57 , 160; C. 1908, II. 1932): 


CH3C=NNHCeH5__o 

CHaC-^NOH 


CHaC^ 

CH 3 C 


\o/ 


-N>^ 


CH 3 C ==Nv 
CII3C-N/ 


NCali;. 


Behaviour . — Osotriazoles are mostly feeble basic liquids with an 
odour resembling the alkaloids. They distil without decomposition. 
Their imine hydrogen can be replaced by metals. The phenyl group 
of the iV-phenyltriazoles can be split off after amination by simple 
oxidation. Potassium permanganate oxidizes C-alkylosotriazoles to 
oso triazole carboxylic acids. Nevertheless, the oso triazole ring is 
stable towards most reagents. 

CH— Nv 

Osotriazole, v-Triazole, m.p. 23°, b.p. 204^ hygroscopic. 

Silver nitrate precipitatesa silver salt, CaHgNgAg; benzoyl-chloride gives 
the easily decomposed benzoyl-t;-triazole, m.p. ioo°-i02°. Osotriazole 
is formed (i) from acetylene and nitro-Jiydric acid; (2) by heating its 
<j^^i>oxylic acid (see below) ; (3) from iV-amino-triazole with nitrous acid. 
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C-Phenyl-osotriazole, CoKU.CgH^Ng, m.p. 144®, from its carboxylic 
acid. C,C-Dimethyl- and C.C-diphenyl-osotriazole, m.p. 70° and 138°, 
from the corresponding iV-amino-osotriazoles with nitrous acid; the 
former also by breaking up JV-phenyl-C,C-dimethyl-osotriazole. 

iNT-Methyl-C-chlorosotriazole, ClC^HNg.CHg, b.p.32 63®, and AT- 
methyl-C-bromosotriazole, b.p.gg 63®, from diazo-methane and chloro- 
or bromo-cyanogen. These explode violently above 260° (C. 1907, 
II. 1738). 

iV-Phenyl-osotriazole, C2H2N3.C3H5, boiling at 224®, is formed from 
its carboxylic acid or from glyoxal osotetrazone. iV-Phe^l-methyl- 
osotriazole, C2H(CH3)N3.C3H5. boiling at 150° (60 mm.), is obtained 
from methyl glyoxal. A^-Phenyl-dimethyl-osotriazole» C2(CH3)2N3.C3H5, 
boiling at 190° (60 mm.), is formed from dimethyl glyox^ (I. 349). 
Triphenyl-osotriazole, C2(C3H5)3N3, melting at 122°, is obtained from 
benzil (B. 21, 2806). 

iV-Amino-osotriazole, CaHgNg.NHg, m.p. 51°, C,C-Dimethyl- and 
C,C-Diphenyl-iV-amino-osotriazole, m.p. 95° and 135''. iV-Phenyl- 
C-amino-C-methyl-osotriazole, C2(CH3)(NH2)N3C3H5, m.p. 83°, from 
Pyruamidehydrazone phenylhydrazone, CgH^NHN ; C{NH2) . C(CH3) 

N . NHC3H5 (B. 26 , 2783 ; 28 , 1283) ; it forms a diazo-compound, which, 
on boiling with water, gives iV-phenyl-methyl-hydroxy-osotriazole, 
C2(CH3)(0H)N3C3H5, m.p. 141^ and with potassium-cupric cyanide 
A’-phenyl methyl cyano-triazole. 

iV-Phenyldiamido-osotriazole, C2N3(C6H5)(NH2)2, melting at 143°, 
is derived from oxamidephenylhydrazide-amidoxime, C,.H5NH.N:- 
C(NH2)C(NH2) : NOH. In certain respects it shows great similarity 
to the aromatic o-diamines, in that it forms an azineA.\\<i^ blue dyestuff; 
with o-dike tones it yields qtiinoxaline-Viki^ bodies. It does not form 
anhydro-hdises. Nitrous acid converts it into a stable diazo-compouiMl 
which is readily changed by sodium acetate to phenylosotriazole^azhnide, 
.N -- C— NIK 

CeHjN/^ ^ The latter can be readily decomposed into 

the diazo-compound (A. 295 , 129). 

C-Methyl-, -dimethyl-, and-methyl-ethyl-iV-phenyl mtfoxy-dihydro- 
pyrro-CaaJ-diazole, m.p. 67°, 93®, and 43° respectively, from the coiTe- 
sponding hydrazoximes with HgO, give by reduction the corresponding 
osotriazoles, and on heating with halogen hydrides osotriazolcs halo- 
genated in the phenyl nucleus (C. 1899, II. 432, etc.). 

A^-Phenyltriazole aldehyde, C2H(CHO)N3CgH5, melting at 70°, is 
obtained from its oxime, melting at 115°, which is formed from di- 

HON : CH . C N . NHCeHjj 

isonitrosoacetone phenylhydrazone, CH-N OH 

By the exit of water the aldoxime becomes N-phenylcyanoiriazolc, 
QCNjHNgCgHg, melting at 94°. 

Osotriazole carboxylic acid, CO2H.C3H2N3, m.p. 219° with dec., 
from propiolic acid and N3H ; also from iV-phenylosotriazolecarboxylic 
acid (see below) ; from Ar-phenyl-pyrro-[a&]diazole-a- and / 5 -carboxylic 
acid; and from azimido-trichloro-phenol or 6z-hydroxy-trichloro-benzo- 
pyrro-[a6]-diazole. Its nitrilef m.p. 114°, is formed by the condensation 
of dicyanogen with diazo-metliane. 
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iV-Methylosotriazolecarboxylic acid) m.p. 142'’ (C. 1907, II. 1491). 
C-Phenylosotriazolecarboxylic acid, m.p. 206° with dec., from phenyl 
propiolic acid and N3H. 

iV-Phenylosotriazolecarboxylic acid, C2(COOH)HN3CfiH5, m.p. 192°, 
is obtained by the oxidation of AT-phenylmethyl triazole; on reduction 
it splits up into prussic acid and phenyl hydrazido-acetic acid. 

Osotiiazoledicarboxylic acid, (C02H)2C2N3H, m.p. 200°, with dec. 
into CO2 and oso-triazol. It is formed out of acetylene dicarboxylic 
acid with N3H, and by the oxidation of tolutriazole, of A’-amino- 
phenyl-pyrro-[«^?]-diazoledicarboxylic acid and of C-methylosotriazole- 
carboxylic acid, m.p. 220° with dec. The esters of these result from 
boiling accto-acetic ester di azo-anhydride with alcoholic ammonia 
(B. 26 , 2736). A^-Phenylosotriazole&carboxylic acid, C2(C02H)2N3- 
CgHg, m.p. 236°, from phenyldimcthyltriazole, easily gives an anhy- 
dride melting at 184^". 

The pseudo-azimides may be viewed as benzo-derivatives of oso- 
triazol es. A constitution similar to that given the indazoles has been 
ascribed to them, hence they may be called indodiazoles : 


C H 

“ ^\n / ' 


Indazoles. 


yN\ 


Pseudo-Q,zimides are produced (i) when o-amino-azo-compounds are 
oxidized (compare B. 26 , goi; 27 , 2374, etc.). The condensation can 
also be effected by means of thionyl chloride (B. 28 , 2201). 

Should the amino-group be substituted, the oxidation will give rise 
to ammonium hydroxide compounds (B. 20 , 1174 ; 28, 328) . Heretofore 
such compounds were only prepared from bases of the naphthalene series, 
'tliis reaction can easily be made retrogressive by reducing agents: 


C,h/ ->C6H4< 

\N : NC^Hs 

o-Amino-azobenzuue. iV-Phcuyl-i/»-azimido- 
beuzenc, m p. 109*. 


NH.C.H, o 
: NC.H, 

Benzene-azonaphth yl- 
aniiiue. 


HO^ 

CxaH.<(l 


C.Hs 

^NC.II,. 


Diphenyl-naphthalene 

Azoammoniuva 

Hydroxide. 


o-Anilinonaplithalene-azo-benzoic acid yields the acid of the 
latter compound. It readily changes to a betaine-like anhydride, 
\ >T o 1 

y.\ I (B. 28 , 333). 

CioHe<(N^N .CeH4 .CO ^ 

(2) o-Nitro-azo-bodies yield, on careful reduction (sodium sulphide 
and hydrosulphite), first azimido-oxides or azo-nitroso-compounds, 
which are also formed from o-nitro-hydrazo-benzenes by extracting 
water with glacial acetic acid (J. pr. Ch. [2], 60 , 104; B. 32 , 3266). By 
reduction with SnClg and HCl, these oxides easily pass into azimides 
(B. 86, 3822; C. 1903, II. 204): 


C H 

C H I 
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AT-Phenyl-v'-azimido-benzene, C8H4(N3)CgH5, m.p. 109°; Oxide, 
C 8 H 4 (N., 0 )C 8 H 5 , m.p. 72°. iV-Phenyl-v>-azimido-toIaene, CHg.CjH,- 
(N3)CgH5, m.p. 98°; Oxide, m.p. 142°. iV,/-Hydrox 3 rphenyl- and 
A^-Hydrozynapht^l-azimido-benzene, m.p. 2i7°-2i9° and m.p. 204° 
(J. pr. Ch. [2J, 67 , 580). 

On the breaking up of AT-phcnyl-v'-azimido-bcnzene with splitting 
of the benzo-ring, forming carboxylic acids of the osotriazole series, 
see J. pr. Ch. [2], 58 , 244. 

(P) («) 

12. Pyrro-[ab]-diazoIes, • \NR(iV). — The fundamental siib- 

N 


stance of this group, pyrro-|'«6]-diazolc, cannot be distinguished from 
osotriazole or z;-triazole, any more than the compounds of both groups 
containing a free imino-group. NiSiilxstiUitad . .pyrr.Q:IaMrJ^ 
have been obtained by the,foJlawiag*iliethods : (i) Actio n of phenyl- 
azpimide and other esters of azoimide upon a-acetylcne carbo^lic 
ester alone, or upon ^-ketonic acid ester with sodium alQQbolate : 


CeilfiN CCOaR CeH,N CCO..R CgH^N COCH3 CJT^N CCHg 

/\ + III I II “ . /\ + I - I II 

N...N CCOaK N : N.CCO2R N ---N CtlXO^R N ; NXCOgR 


Phcnylazoimide also unites with malonic, cyanacctic, and phenyl 
acetic esters, with benzyl cyanide, and even with acetic and propionic 
acid esters and with ketones to form hydroxy- and amino-pyrro-[a6]- 
diazoles (B. 35 , 4041; 39 , 3920). 

(2) The action of NH3, hydrazines, semicarbazide, or hydroxyl- 
amine upon furo[«ildiazolcs {diazo-anhydrides) produces pyrro-[a6]- 
diazoles (A. 325 , 152; B. 36 , 3612): 


CO,RC : C(CH3)\ X : C(cn3)\ 

^ N- — 


(3) From amino compounds substituted on the nitrogen, or benzo- 
pyrro-[a^?]-diazoles, pyrro-fa^J-diazole carboxylic acids arc formed by 
the breaking up of the benzo-ring (A. 311 , 27O; 313 , 251) : 


NH,CoHa| 


■n/ 


CO,HC.N(CeH5)N^^^ 
COall'c N/' ’ 


C,Hi 


\ — n/ 


C02 HC.N(OH)n^ 
COallC n/ 


A^-Phenyl-pyrro[ab]-diazole, C2H2N3(C^^H5), m.p. 56°, from acetylene 
and phcnylazoimide. A^-Phenyl-a-methyi-pyrro-[ab]-diazole, m.p. 64°, 
A/’,a-Diphenyl-pyrio-[ab]-diazole, m.p. 114°, arc easily obtained from 
their carboxylic acids by heating. 

iV-Methyl-a-cliloropyrro-[ab]-diazole, C1C2HN3(CH3), liquid, and AT- 
phenyl-a-chloro-pyrro-[ab]-diazole,m.p. 50°, result from the a-hydroxy- 
pyrro-diazolecarboxylic acid esters by treatment with PCI5, saponifi- 
cation, and elimination of COg ; the Cl-atom is very mobile. 

Carboxylic A ciWs.— iV-Phenyl-a.methyl-pyrro-[ab]-diazolecarboxylic 
acid, (CH3)(C02H)C2N3{CgHr,), m.p. 148°, from phcnylazoimide and 
aceto-acetic ester, gives on heating phcnyl-methyl-p5rrro-diazole, and 
on subsequent oxidation Ar-phenyl-p3rrro-[ab]-diazole-a-carboxylic acid, 
m.p. 176° with dec. ; the iV-pbenyl-pyrro-[ab]-diazoledicarboxylic acid, 
m.p. 150°, produced by the oxidation of phenylmethylpyrro-diazole 
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carboxylic acid, or from acetylene dicarboxylic acid ester, or by 
oxidizing iV-phenylazimido-aminobenzene, 5delds, after brief heating, ^ 
iV-phenylpyrro-[ab]-diazole-i 9 -carbozylic acid, m.p. 151°. 

Hy droxypyrr o-l^hy diazoles. — ^These arc closely related to the diazo- 
carboxylic amides, from which they are generated by the action of alka- 
lies, some of them on simply fusing them or on warming their solutions: 

N----N N-.N 

1/ NHa->l >NH. !/ NH2-> | >NH. 

CH— CO/ CH:C(OH)/ CO 2 R.C— CO/ CO^RC: C(0H/ 

Diazo-acetamide. Hydroxypyrro-[a6]- Diazo-malonaminic HydroxypyiTo-[fl6]-diazole- 

diazole. acid ester. caiboxylic ester. ^ 

This peculiar transposition is reversible, since, on fusion, or on 
warming their solutions, the a-oxypyrrodiazoles are converted, more or 
less completely, into the diazo-carboxylic amides, or their disintegra- 
tion products. The facility and speed of this isomerization depend 
upon the substituents. It takes place easily in the case of the hydroxy- 
pyrrodiazole carboxylic esters, and especially its A/'-aryl substitution 
products (A. 373 , 336). 

The hydroxypyrro-[a&]-diazoles are strongly acid compounds. With 
diazonium salts they couple to form oxy-azo-dyes. With nitrous acid 
they yield nitroso-hydroxy-pyrro-diazoles, which arc possibly oximino- 
pyrro-diazolones. 

a-Hydroxypyiro-[abl-diazole, (HO)C2H2N3, m.p. 130° with dec., from 
diazo-acetamide, on gentle heating with alkalies, and from its car- 
boxylic ester by saponification and rejection of COg. Stable towards 
alkalies, it is split up on boiling with acids into nitrogen, ammonia, and 
glycollic acid, probably by way of the diazo-acetamide (B. 43 , 2441). 
A^-Phenyl-a-hydroxypyrrol-[ab]-diazole, (HO)C2HN3(C^H5), m.p. 119°, 
ffom phenylazoimidc and acetic ester, and from its carboxylic acid (sec 
below), on merely warming with water. KMnO^ oxidizes it to oxanilic 
acid, CgHgNH.COCOOH. With nitrous acid it yields the yellow 
unstable l^-phenyloximmO'pyrro~\dh\diazolone, decomposing at 195°, 
some of the salts of which have various coloured modifications. The 
transposition of ^-phenyl-henzoyl-oximino-pyrro-diazolone, m.p. 133°, 
into ^-phenyl tetrazole carboxylic acid, is worthy of note (B. 41 , 4^055) 
(see p. 146). 

N -Phenyl-a-hydroxy- /l-methylpyrro- [ab]-diazoIe, from methyl 
malonic ester, a-methylaceto-acetic ester, or propionic acid ester, with 
CgHgNg and sodium alcoholate, is broken up by KMn04 into pyro- 
raceinic acid anilide, CQH5NH.COCOCH3. Ar,^-Diphenyl-a-hydroxy- 
pyrro-[ab]-diazole, m.p. 151°, from diazo-benzolimide and phenylacetic 
ester. 

a-Hydrox3^3n:ro-[ab]-diazole-carboxylic methyl estor(see above), m.p. 
143°, is obtained by the breaking up of iV-dinitrophenyl-a-hydroxy- 
pyrro-diazole carboxylic ester on heating with ale. ammonia. On 
fusing or boiling with alcohol it partly transforms itself into diazo- 
malonaminic acid ester, from which it can be regenerated by treating 
with sodium ethylate. 

a-Hydroz^yrro-[ab]-diazolecarboxylic acid amide, m.p. 196^, from 
phenylazoimidc and malonamide with elimination of aniline. On 
fusion it passes into diazo-malonamide, N2C{CONH2)2. A^-Methyl- and 
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i\r-phenyl-a- 6 zsrpyrro-[ab]-diazolecarboxylic methyl ester, m.p. 136^ and 
74°, from methyl azide or from phenylazoimide and malonic ester. 

C-Amino-pyrro-[ab]-diazoles have been obtained by the condensation 
of diazo-benzolimide with cyanacetic ester, and benzyl cyanide ; also 
from the chloro-p5n:rodiazoles, with ammonia and amines. The amino- 
pyrro-diazoles not substituted at the nitrogen possess an acid character. 
With nitrous acid they yield normal diazo-compounds capable of coup- 
ling. The a-amino-pyrro-diazoles, like the a-hydroxy-p5n:ro-diazoles, 
are distinguished by remarkable transformation processes. Thus, iV- 
phenyl^-amino-pyrro-[ab]-diazole,m.p. 110°, obtained from iV-phenyl- 
chloro-pyrro-diazole with NH3, transposes, on fusion, into the isomeric 
a-anilino-pyrro-diazole, m.p. 139°. Similarly, A/^-phenyl-a-methyl- 
ammo-pyrro-[ab]-diazole, m.p. 102°, on boiling with pyridine, passes 
into iV-metbyl-a-amlino-pyrro-[ab]-diazole, m.p. 172°, the methylamino- 
and anilino-groups changing places: 


HC ; C(NHj)\ 


NCells-y 


HC:C(NlICeH,)\ 
N - - NX 


lie ; C(NIICIl3)\ lie : C(N1IC.H.)\ 

' * * >NeHa. 

N n/ ® ^ N NX ® 


While these transpositions are not reversible, A' diphenyl - 
a-ainino-pyrro-[ab]-diazole, m.p. 179° (from phenylazoimide and 
benzyl-eyanide), and /?-phenyl-a-anilino-pyrro-diazole, m.p. 167°, ean 
be converted into each other, up to a certain condition of equilibrium, 
by fusion or boiling with pyridine. The same applies to iV-phenyl- 
a-amino-pyrro-[ab]-diazolecarboxylic ethyl ester, m.p. 126®, and a- 
anilino-pyrro-diazolecarboxylic ethyl ester, m.p. 130®. The corre- 
sponding acids, m.p. 142° and 153®, yield the same a-anilino-pyrro- 
diazole on fusion, with rejection of COg (A. 364 , 183). 

AT-Amino- and iV-oxypyrro-[ab]- diazoles. — iV-Amino-a-methyl- 
pyrro-[ab]-diazole, (CHgjCgUNg^NHg), m.p. 70°, from its carboxylic acid, 
which is obtained by saponifying the condensation product of aceto- 
acetic ester diazo-anhydridc with semi-carbazide (B. 36 , 3612). N~ 
Anilino-a-methyltriazole and its carboxylic acid result from aceto- 
acetic ester diazo-anhydride with phenylhydrazine, etc. (A. 325 , 156). 
iV-Oxy-a-methyl pyrro-[ab]-diazolecarboxylic acid, decomposing at 205°, 
is a dibasic acid. Its esters re.sult from accto-acetic ester diazo-anhy- 
dride with hydroxylamine ; on oxidation it yields iV-hydroxy-pyrro- 
[abj-diazoledicarboxylic acid, (COOH)2C2N3(OH) +2H2O, which has tdso 
been obtained by oxidation of benzazimidolc (A. 325 , 162). 

Beiizopyrro[ab]diazoles or aziminobenzenes result from the action 
of nitrous acid upon o-diamines: 


0-Phenylenediamine. 


O-Aminodidzobenzcnc. 





Azirainobenzenc. 


When the benzene nucleus is substituted the iV-substituted azimido- 
benzols occur in two isomeric forms, determined by the position of the 
NR-group with reference to the benzene substituents. This is a proof 
of the unsymmetrical structure of the azimidobenzenes. When, how- 
ever, the NH-group is free there always appears to be but one preferred 
position of the hydrogen atom (see uramidoaziminobenzoic acids, 
A. 291 , 313). The aziminobenzenes no longer manifest the instability 



128 


ORGANIC CHEMISTRY 


of the diazo- or diazoamino-derivatives, but can be distilled without 
decomposition. The imine hydrogen can be replaced by alkyls. The 
tertiary bases form ammonium bases with alkyl iodides. ^-Hydroxy- 
derivatives of the azimino-benzencs, the Azimidols, are formed when 
alkalies act upon o-nitrophenylhydrazincs (B. 27 , 3381; 29 , R. 790); 


/NH— NHa 
CeH/ 

o-Nitrophenylhydrazinc. 


N(OH)v 

Aziinidol. 



Azimido-benzene, CqH 4(N3H), melting at 98°, is isomeric with phonyl- 
azoimide. [2]iV-Ph6nylazimido[4]ethozy -benzene melts at 108°. 
[2]iV-Phenylazimido[3lethoxy-benzene melts at 99° (compare J. pr. 
Ch. [2], 53, 97). iV-Tolylazimido-toluene, C7H,.(N3.C7H7), melting at 
95®, is derived from o-aminoditolylaminc (B. 25 , 1023), and is isomeric 
with ^-tolyl-y)-azimido-toluene, melting at 126®. 

Benzoazimidol, CgH4(N30H), melting at 157®, is formed in tlic 
action of alkalies upon o-nitrophenylhydrazine. It is a rather strong 
acid. It yields the iodethylate of iV-ethylaziminobenzeno with ethyl 
iodide. Hydriodic acid reduces it to aziminobenzene, while potassium 
permanganate oxidizes it to a strong tribasic acid, probably N-oxy- 
pyrro-[fl6]-diazoledicarboxylic acid (see above). 


' 13. SVilf-TRIAZOLES. 

(2j 

PyiTO-rabi]-and-[bbi]-diazoles:|^’| 

. (5) ^ • 

In the case of the fundamental substances of these two groups of 
pyrro-diazoles and the derivatives with unsubstituted imino-group their 
derivation is uncertain. But the iV-phenylated derivatives can be 
allocated to one or other group of pyrro-di azoles from their syntheses. 

v''" Formation, ^{1) HydrazWincs or amidrazones, give, 

with carboxylic acid anhydrides, acidyl derivatives, which form triazolcs^ 
by.re;ecu9U.Qi water: < , 


■ ^ \NH.COCH, 

^Nnhcoch, 


yN— NH 
C\ - o 
AN-CCIT3 

'■/N_NC.II, 

XN^CCHg 


N 

■'\nh-ccit. 


The hydrazines also react similarly with aldehydes and ketones. 
{a) Thus, triazoles were first produced by BUidin from acid deriva- 
tives of dicyano-phenyl-hydrazine, CN.C(NH2) : NNHC3H5 (B. 18 , 
1544; 25 , 183). Similar condensations are shown by Amido-gnanidine, 

mi Pyruvic hydrazidine,CHfiOC^^^^»^\ ctc.(B. 26 , 2598, 

278^* 27 , 989, 3273: A. 308 , 33). 

Acidylthiosemicarbazides of the formula HS.C(N|I^).lN .- 
NHCp R, when heated beyond their melting point, "peTd naerc^to- 
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triazoleiS ^, which change to triajsoles upon oxidation (B. 29, 2483 ; C. 1904, 


I. HS.C=N—NH 


II. HS.C=N— NH 


HS.C=N— NH 

“> I I 

N===CH 
HS.C=N— N 


HS.C=N— N 


NHR OCH 


{c) On heating acid amides with acid hydrazides, or, more simply, 
amides (2 mols.) with hydrazine hydrochloride (i mol.), triazoles are 
formed, probably also by way of acid hydrazidines (B. 27 , R. 801; 
Gaz. chim. ital. 26 , II. 413) : 


+ NH»CHO->HC 


NHNHa 

NCHO 


.NH— N .N- 

II orHCf 


^NH— CH 


.NHNHj 
I. HC< 


+ NH(CeH.)CHO • 


\N(CeH6).CH 

Similarly, AT-amino-triazoles are formed by heating mono- and 
diacyl hydrazines alone, and under the action of HNOg they split off 
nitrous oxide and pass into triazoles, probably pyrro-[ 65 i]-diazoles; 

2CHaCONnNH2 - - > CH3C/ il > chjz / 11 

^N(NHa) . C . CH3 ^NH— C.CH3 

(2) This group of syntheses is related to the formation of triazoles 
(probably pyrro-[^Z?i]-diazoles) from sym-diacidyl-hydrazines by means 
of zinc ammonium chloride ; compare tlie analogous syntheses of furo- 
and thio-[66i]-diazoles and the scheme of azole syntheses (B. 32 , 797f: 


NH— COCH, 


N=-C(CH8)n 


(3) Triazoles are formed from triazoloncs and urazoles by distillation 
with P2S5, sulphuretted triazoles being formed intermediately (B. 25 , 
225; 27 , R. 408; C. 1899, L 617): 


CO— NH — V 

>NC-H- 
N -- C(CH,)/ • • 

Phenyl-methyUtriazoloae. 


CH N\ 

Pbenyl-methyl-triazole. 


T^azolones with PCI5 give chloro-triazoles, which reduce to triazoles. 
Finally, iV-aminotriazoles are formed by the transposition of 
A^-dihydro-tetrazines : 


N=r-CH— NH N=:CH— NH 
NH— CH=N ®'^N=CH— NH 


N=CH— NH N=CH\ 

N=CH— NH ^ N=CH/^ 


In the case of iV-dihydro-tetrazine itself, this transposition takes 
place on mere fusion, in other cases on heating with aqueous or alcoholic 
HCl, or cone, alkalies (compare the analogous transposition of dibenzoyl- 
osotetrazines into iV-dibenzoylaminooso triazoles). 

Behafjiour. — ^The triazoles, like the other pyrrodiazoles, are feebly 
basic, nearly neutral bodies. The platiiiam chloride double salts behave 

vox.. HI. K 
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similarly to the pyrazoles (Gaz. chim. ital. 26 , II. 417). The imine- 
hydrogen is replaceable by metals. C-Alkyltriazoles yield triazole 
carboxylic acids when they are oxidized. In the A^-phenyltriazoles the 
phenyl group, particularly after amidation, is split off by oxidation. 

N— CHv 

sy»i-Triazole,CaH3N8= \ii >n, m.p. 121°, b.p. 260°, is a fjeble 
N — cn 

base. Its platinum double salt, (C2H3N3.HCl)2PtCl4, loses 2HCI on 
heating. Its nitrate melts at isS""; its copper salt, (C2H2N3)2Cu, 
is obtained from triazole solution with copper sulphate. The sym- 
triazole results (i) from formamide and f ormhydrazide ; (2) from urazole 
with (3) fiom iV-amino-triazole with N2O3; (4) from its carboxylic^ 
acid (A. 303 , 55); (5) from mercaptotriazole by oxidation with H2O2’ 
(B. 29 , 2485) ; (6) from A^-phcnylpyrro-[^6i]-diazole, or from A^-phenyl- 
pyrro-[fl6i]-diazole by oxidative elimination of the phenyl groups 
(C. 1902, 1 . 426). 

C-Methyltiiazole, m.p. 94°, from . i-phenyl-3 -methyl pyrro-[«6i]- 
diazole by removal of the CflH5 group (B. 25 , 225). 

C-Phenyltiiazole, m.p. iib°, by reduction of A^-phenyl-bromo- 
triazole with Na amalgam (B. 43 , 1315). C-Dimethyltriazole, m.p. 192°, 
b p.i9 159'' i C-diethyltriazole, m.p. 66°, b.p. 267°; 6 -diphenyltriazole, 
m.p. 192°, and C-difuryltriazole (C4H3C))2CaN3H, m.p. 185°, have been 
obtained by methods (I^^) and (2), and also from the corresponding 
iV-amino-triazoles. The C-diphenyltriazole is also formed by the action 
of acids upon benzal-benzo-liydrazidc oxime, CeH5C(: NOH)NH.N:- 
CHCgHj (B. 42 , 4200), and from C-pheiiyltctrazole by heating. 

Pyrro-[bbi>diazoles.— A^-Phenyl-pyrro-LbbJ-diazole, m.p. 121°, liom 
formhydrazide and formanilidc, has a physiological action similar to 
that of strychnine (C. 1901, II. 125). iV-Methylpyrro-[bbJ-'diazole, 
ht.p. 121°, from formhydrazide and me thylfonn amide and from its 
mercaptan with H2O2. A^,C-Diphenylpyrro-[bbi]-diazole, m.p. 142°, 
from its mercaptan (B. 29 , 2919). Triphenylpyrro-[bbiJ-diazoIe, 
m.p. 292°, from dibenzo-hydrazide cliloridc and aniline. 

Pyrro- [abiJ- diazoles.— N-Methylpyrro - [abj- diazole, m.p. 20°, 
b.p. 183°, from sodium sym-triazole and methyl iodide, as well as 
formyl-methyl-hydrazidc and formamide (C. 1905, II. 490). i(n)- 

Phenylpyrro-[abi]-diazole, m.p. 47°, b.p. 266°, from its carboxylic acid. 
i(-^)5-Phenylmetliyltriazole,' m.p. 191°, from its carboxylic acid. 
i(iV)3-Phenylmetliyltriazole, m.p. 87°, b.p. 274°, from phenyl-methyl- 
triazolone with P2S5 (on its fonnation from phenyl-azo-acetaldoxime- 
A/’-methyl-ether by elimination of HgO (see B. 35 , 752). i(iV)3-Diphenyl 
triazole, m.p. 97°, from formyl benzamide, C3H3CONH.CHO, and 
phenylhydrazine (A. 343 , 229). i(iV)5-Diphenyltriazole, m.p. 91°, from 
i,5-diphenyl-3-chlorotriazole with hydriodic acid and phosphorus. 
1(^)3, 5-Triphenyltriazole, m.p. 104°, from benzonitrile (2 mol.), phenyl 
hydrazine (i mol), and sodium ; this reaction probably implies the inter- 
mediate formation of a hydrazidine, CgH5C(NH)N(C6H3).N : C(NH2)- 
C^Hg; substituted phenylhydrazines and benzonitrile probably react 
in the same manner (J. pr. Ch. [2], 67 , 481). 

Halogen Iriazoles are formed from t;^e triazolones by heating with 
PCI5 and POCI3 to rather higher temperatures; and front the diazo- 
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compounds of the amino- triazoles with hydro-halogen acids ; the halogen 
is bound up in them as firmly as in chlorobenzene, and can only be 
extracted by heating with HI + P. C-Chloro-, C-bromo-, and C-iodo- 
triazole, C2(Hlg)H2N3, m.p. 167'', 189°, and 208° respectively; and 
C-metl^lchlorotriazole, C(CH3)CIN3H, m.p. 147°, from the diazo- 
compounds of the corresponding amino-triazoles (A. 343 , 9). i-Phenyl- 
^ S-chlorotriazole, m.p. 54°. i,5-Diphenyl-3-chlorotriazole, m.p. 96°. 
i-Phenyl-3,5-dichlorotriazole, m.p. 94° (B. 29 , 2671; C. 1897, 1 . 857). 

Hydroxyiriazoles (see below: triazolones). 

Mercapio-triazolcs, from acidyl thiosemicarbazides (method 2) easily 
yield disulphides on slight oxidation, and triazoles on stronger oxida- 
tion, with rejection of sulphur. Mercapto-tiiazole, m.p. 216° ; iV-methyl- 
and A/^-ethylmercaptopyrro-[bbi]-diazole, m.p. 168° and 97"^ (B. 29 , 
2484:0. 1904, II. 1505). 

C-Amino-triazoles are obtained synthetically from acid derivatives 
of arnino-guanidine, NH2C(: NH)NHNHCOR. They furnish diazo- 
compounds, which couple with amines and phenols to form dyestuffs. 
On reduction these form triazylhydrazines, on oxidation azo-triazoles, 
and, with hydro-halogen acid, they fonn halogen- triazoles (A. 343 , i). 
Aminotriazole, C2(NH2)H2N3, m.p. 159®, from formylamiiio-guanidine, 
and from iunino-triazole carboxylic acid ; Aminomethyltriazole, C2(CH3)- 
(NHajNgH, m.p. 148'' (A. 303 , 33). Amino-iV-phenyltriazole, m.p. 150° 
(see C. 1899, I. 880). 

Anilino-iV-phenyltriazole, C2H(NHQ,H5)N3CgH5, m.p. 213°, is 
formed from aminodiphcnylguanidine with formic acid (B. 33 , 1067). 
i,4-Diphenyl-3-anilmodihydrotriazole (sec below), m.p. 128'', from 
tripheiiylguanidine and formaldeliyde, as w^dl as its homologues, split 
off two H-atoms on gentle oxidation and pass into di-cyclic so-called 
^^(iimino- dihydro -triazoles, which are also obtained direct by the 
condensation of triaryl-guanidines with carboxylic acids or their 
chlorides: 

N ----- C N C N 

' I i ^ NC.H, 

CjHjNH + HCOOH C.II5N - HC CH, 

The ^w^fimino-dihydro-triazolcs are yellow compounds with strong 
basic properties, easily split up by caustic alkalies with regeneration 
of the components (B. 38 , 836, 4049). The nitrates of the ^w^^imino- 
dihydro-triazolcs are particularly insoluble; the 1,4-diphenyl-^^^/a- 
nilinodihydrotriazole, m.p. 189°, named nitroHy has been specially 
recommended for the qualitative and gravimetric estimation of nitric 
acid (B, 38 , 861). 

Correspondingly, enAoxy^ and endothio-dihydro-triazoles have been 
obtained by the condensation of carboxylic acids and their chlorides 
with diaryl somi-carbazidcs and diaryl-thio-semi-carbazides (J. pr. 
Xh. [2], 67 , 201). 

'^-Afninotriazoles{N~ammopyrro~\\)hi}-diazoles) are formed on heating 
mono-and diacyl-hydrazines,or by transposition of N-dihydro-tetrazines, 
iV-Amino-triazole, C2H2N3(NH5), m.p. ^83°, is formed on heating formyl 
hydrazine to 210^-220®; or by melting N-dihydro-tetrazine and its 
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carboxylic acids; or from iV-aminotria2:ole dicarboxylic acid (see below) 
(B. 41 » 3168). iV-Aminodimethyl-, -diethyl-, and -diphenyl-triazole, 

m,p. 199°, 167°, and 258° respectively. The first of these is also 
formed from accto-hydroxamic acid chloride and hydrazine (B. 40 , 
1677). The iV-amino-triazoles, treated with nitric acid, split off nitrous 
oxide and yield triazoles. With aldehydes and ketones they condense 
like substituted hydrazines, with rejection of water: benzylidene-iV- 
amino-triazole, C^H^CH : N . NgC^Hg, m.p. 170°; 1,3-diketones and 
/?-ketonic acid esters form dicyclic compounds containing a combined 
triazole and pyridazine ring (B. 42 , 2594) : 

CH3.C0^H,N CH3.C=-N N-CH\^ 

CHg CO HC n/ HC : C(CH3) . C-— n/ ‘ 

pu Dimethyl-tnazo-pyridazine. 


TriazoleCarboxylic Acids . — Triazole-3-carboxylicacid,CgH2(COOH)Ng, 
melts with decomposition at 137°. It is produced in the oxidation of 
methyltriazole and when KMn04 acts upon A/^-aminophenyltriazole 
carboxylic acid. iV-Fhenyltriazole-3-carboxylic acid, C2H(COOH)N3.- 
CgHg, melting at 184°, is derived from phenylmethyl triazole as well 
as by the exit of COg from iV-phenyltriazole-3, 5 -^carboxylic acid, 
C2(COOH)2N3.CgH5, which is prepared by the oxidation of 
iV-phenyl-5-metliyltriazole-3-carboxylic acid, C3(CH3)(COOH)N3.CtjIl5, 
melting at 177®. The latter results from the saponification of its 
nitrile, as well as by the moderated oxidation of acetyl phenylmethyl 
triazole. 

C-Aminotriazolecarboxylic acid, C2{NH2)(COOH)N3H, m.p. 182°, 
with rejection of COg, is formed from oxalyl-amino-guanidine ; also, with 
iy-aminotriazoledicarboxylic acid, C2(C02H)2N3(NH2) +H2O, m.p. 77° 
wth dec., by heating iV-dihydro-tetrazinedicarboxylic acid (see below) 
with cone, potash. It yields a diazo-triazolecarboxylic acid which, on 
heating with alcohol, yields triazole (A. 303 , 51; B. 40 , 1194). 

Bistriazoles are obtained from c} ano-hydrazine and phenyl-hydra- 
zine (B. 26 , 2389) with acids or their anhydrides (B. 21 , 3063; 
30 , 1194): 


CeHj.NH-Nv 


yN— NHCaHg 

c~cf 

NH,/ \NH, 
Cyano-phenyl-hydrazirie. 


y N=C— C=N \ 

+ {CH3C0),0 ►CeHjN^ . . ^NCeH.. 

^C(CH8)“N N«C(CH8)>^ 
Bis-phenyl-methyl'triazole. 


Bistriazole, (C2H2N3)2, from cy ano-hydrazine and formic acid, sub- 
limes above 300°. 

Triatolones, keto-derivatives of dihydro-triazoles, which also react in 
tautomeric form as hydroxy-triazoles (compare pyrazolone above, 
and C. 1897, II. 269), are formed: 

(i) From acetyl urethane with phenylhydrazines (Andreocci, 
B. 22, R. 737 ) * 


CH,CO 


CHjC^- ^N\ 






This reaction recalls the formation of phenylmethylpyrazolone 
from aceto-acetic. ester and phenylhydrazine. 
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(2) Isomeric 1,3-triazolones are formed from acid derivatives of 
phenylsemicarbazide by heating with dilute alkali (B. 29 t 1946; 
31 , 378): 




^ r H ^ nr ^ 


-C{OH) 


(3) By the action of sym-acidyl-phenyl-hydrazines upon carbaminic 
acid chloride, carbaminic acid derivatives of triazolones, or hydroxy- 
triazolones, are formed, from which the latter are obtained by saponi- 
fication. The reaction fails in benzoylpheiiylhydrazine, but recurs in 
hexahydrobenzoylphcnylhydrazine (B. 36 , 1092) : 


NH cno 


+ 2NH2C0C1-> 


N-CH' 
C«H,N— CO^ 


|^N.CONHs(?)- 


N =CH\, 
■c«H.N— CO/ 


NH. 


(4) Triazolones are also formed, by condensing aldehydes with 
scmicarbazides, in the presence of oxidizing agents, or with phenyl- 
azocarbamidcs or azodicarbonamidc (C. iSgtS, II. 199; 1900, 1. 818): 


/Nil CO 

CeH6NH.NiI.CO.NH2->CoH6N : NCONJI^ -f C„H5CIia->CJl5N<^ r tt s . -m 

^C^Cgllg) : AN 

In accordance with their formulationas hydroxytriazoles, the triazo- 
lones react mostly as acids; with P2S5 they give triazoles, and with 
PCL chlorotriazoles. 

I ... I - . - 

1,3-Triazolone, r,z-ily^yoxyinazole, NH . NH . CO . N : CH or NH . N 

~ ’ I 

C(OH).N: CH, m.p. 234°, is obtained from cicetone semicarbazone and 
formic acid, as well as from hydrox5driazole carboxylic acid, resulting 
from the action of dilute sulphuric acid upon diazo triazole carboxyUc 
acid (B. 31 , 2444). It is an acid. i-Phenyl-3-triazolone, from phenyl 
semicarbazide and formic acid, sublimes and melts at a very high 
temperature. i-Phenyl-5-triazolone, m.p. 183°, is obtained from 
formylphenylhydrazidc with carbaminic acid chloride (see above) or 
from its carboxylic acid (i-phenyl-5-triazolone-3-carboxylic acid), 
generated on oxidizing i-phenyl-3-methyl-5-triazolone, m.p. 167°, 
b.p. above 300° (B. 24, R. 203). The latter is also obtained 
from aceto-pheiiylhydrazide with NHg.COCl. C-Phenyltriazolohe, 

CgHgC: N.NH.CO.NH or N.CONH.NH, m.p. 322°, is formed 

by heating bcnzal-semi-carbazone with ferric cliloride in alcoholic 
solution (C. 1900, I. 818), 

The urazoles are the diketo-derivatives of tetrahydrotriazole. They 
result on heating urea and its derivatives — d.g., allophanic ester, biuret, 
etc. — ^with hydrazine salts: 


CO—NH, 




NHa.NHg 


H-CO— NHg 
Biuret. 


CO— NH^ 
NH— CO 


^NH(+2NH3). 


Urazole. 


TSttatiL^‘i,$-Diketotriazolidine,C^jd^^, melting at 244®, is obtained 
from hydrazodicarbonamide, NH2.C6.NH.NH. CO. NH, (A. 283 , 16). 
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Urazole is a strong monobasic acid. It yields triazole when distilled 


'with PgSg. i-Phenylurazole, C^^H-N— NH— CO— NH— CO, melting 
at 263°, is formed from urea and phenylhydrazine, from phenyl- 
semicarbazido-carboxylic ester (B. 28 , 829), as well as from 

HaN— C— CONHNHCeHs 

phenylhydrazido-oxalhydroxamic acid, , by 

Beckmann's transformation (A. 295 , 136). Methyl iodide converts it 
into dimeihylphcnyhirazole, melting 95°. Isomeric 4-Phenylurazole, 

.... I 

— CO — NH — NH — CO, melting at 203°, is formed by the inter- 
action of hydrazo-dicarbonamide and aniline hydrochloride. 

The urazines, obtained by the condensation of hydrazine derivatives 
of carbonic acid, may be regarded as 4(iV)-amino-iirazoles (B. 40 , 2093). 

4(iV)-Aminourazole, m.p. 270°, also known 

as dinrea or bishydrazidicarbonyl, is formed from hydrazidicarboxylic 
ester and hydrazine hydrate at 110°. i-Phenyl«4-aminourazoIe, 
phenylunwnc, CPJI5N2HC2O2N.NH2, m.p. 245°, from phcnylhydra- 
zido-dicarboxylic ester acid chloride, CpH5N(CX)Cl)NIICOOR, and 
hydrazine; with nitrous acid it yields i-phenyliirazole (B. 33 , 453). 
i-Phenyl-4-anilidourazole, Diphenyhtmzinc, C<.H,.N.2HC202N . NHCJI-,, 
m.p. 264® (see B. 32 , 16). 

Thio- and imido-dcrivatives of iirazoh' are obtained from the 
corresponding thiourea and guanidine derivatives of hydrazine (B. 29 , 
2506; 32 , 1081). 

1 "I 

Thiourazole, NH.CO.NH.es. NH, m.p. 177°, from hydrazo-thio- 
4 icarbonamide, NH2CS . NH . NH . CONH2. i -Phenyl-3 - thiourazole, 
m.p. 195° (B. 36 , 3151). i,4-Diphenyl-5-thiourazole, from diphenylthio- 

Q J-J ^ CS^ 

semicarbazide and COClg, in two desmotropic forms, ° QQ/^CoHg, 

CoH,N -C{SHK ~ 

unstable, m.p. 139°, and 1 0< ^NCgHg, stable, m.p. 220° 

N--^C 

(B. 42 , 4763). Dithiourazole, NH.CS.NH.CSNH, m.p. 245“ with 

r ■ I 

dec., and Iminothiourazole, NH.CS.NH.C(NEI)NII, m.p. 222°, are 
formed together by the action of strong hydrochloric acid upon 
hydrazodithiodicarbamidc (B. 29 , 2506). i-Phenyl-3,5-dithionrazoIe, 

m.p. 181® (B. 37 , 184). Diiminourazole, Goanazole, NH.C{NH).NH.- 

I 

C(NH).NH, m.p. 206°, from dicyanodiamide and hydrazine (B. 27 , 

R. 583): 


C N NH, I-IN:C— NH — v 

/ + NH,NH, > . >NH. 

NH— C=NH 

Dicyanodiamide. 


HN— C(NHy 
Guanazol. 


4(iV)-Aiuin(^aanazole, Gmnazine, ifl.p. 257° with dec., from hydra- 
zine with two mol. cyanogen bromide (C. 1908, 1 . 48). 
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14. FURAZANS OR FURO-[aaJ.DIAZOLES. 


CH=Ny 

The fnrazans or azoxazoles, furo-UidiA-diazolcs, I yO, corre- 

Spend to the osotriazoles. Just as the latter are obtained from the 
osazones, so furazans are produced from- the glyoximes or the 
dioximes of o-diketoncs by the action of alkalies; 


C,Tr5.C = NOn C.H,C = NO C.FI,— C = N.. 

I > I I > I >o- 

C,Hs.C = NOn C,lIC = NO Cells— C = N'^ 

lieiizi] dioximu. Diphenyliilyoximc peroxide. Diphenyllurazan. 


As we observed in connection with the isoxazoles, those funozan 
derivatives in which the Il-atoms of both methine groups are sub- 
stituted arc stable bodies. If one of the groups is free, a rearrangement 
into nitriles of a-kelonic acid oximes may readily take place. The 
alkyl furazans can be oxidized to furazan carboxylic acids. 

Phenylfurazan, melting at 30°, is very volatile. 

It is formed when soda acts upon phenylglyoxime diacetate. Sodium 
hydroxide converts it readily into the oxime of benzoyl cyanide, 
CeH^C = N. = NOI I 

I No > I (B. 24 , 3503). It is stable towards 

acids. Dimethylfurazan, C2(CH3)2N20, melting at -y"" and boiling 
at 156°, results when dimethyl glyoxime is heated with ammonia to 
160° - 170°. Methylethylfurazan, C2(CH.^)(C2H5)N20, boiling at 
170®, is similarly obtained from meth3dethylglyoxime. Diphenyl 
furazan, C2(Cr,H.J.>N20, melting at 94°, rearranges itself by prolonged 
heating into isomeric dibcnzcnylazoxime (see below) (A. 264 , 180). 
Dibenzoylfurazan, C2(C0CgHj2N20, melting at 118®, is prepared 
from dibenzoylfuroxan (B. 26 , 529). • 

Furazancarboxylic Acid, C2H(C00H)N30, melting at 107°, by 
oxidation of furazylpropionic acid, the anhydride of dioximi no valeric 
acid (I. 546). Methylfurazancarboxylic acid, C2(CH3)(C00H)N20- 
( + H2O), melting at 74° (39®), and Furazandicartoxylic acid, 
C2(C00H)N20, melting at 178° with decomposition, are formed 
when potassium permanganate acts upon dimethylfurazan. The 
dicarboxylic, like the monocarboxylic acid, is easily converted by 
boiling water into cyaniniidoacctic acid. 

Consult B. 28 , 723, for oxyfurazan carboxylic acid. 

Benzo-, naphtho-, phenanthro-fnrazans, etc., have been prepared 
from the o-dioximes of the benzene, naphthalene, and phenanthrene 
series (see also B. 29 , R. 790). 

The compounds IFonncrly known as ” glyoxime peroxides ” must, 
according to later investigations, be regarded as ^?wi^ox3^-dihydro-furo- 
[a«i]-diazoles ox furoxans (Wieland, A. 358 , 36; 367 , 52, 80; 376 , 297). 
They are formed: 

(i) By the polymerization of nitrile oxide: 


2C,H,c/’! 


C,H,.C 




N.O.N— O 
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The intermediate formation of nitrile oxides also accounts for the 
formation of furoxans from hydroxamic acid chlorides and nitrolic 
acids. 

(2) By the oxidation of aldoximes and gly oximes with N©2 in ether 
solution (B. 23 , 3496) : 


2CeH5CH ; NOH 


C.Hj.C C— CeH^ 

■> II II \ 
N.O.N-O 


<- 


C^H^.C C.CeH, 

II II 
NOH NOH 


(3) From the mono-molecular /)s^Mio-nitrosites (nitrites) of many 
propenylbcnzenes on boiling with alcohol or water (A. 329 , 238) : 


CHaOCjH^ 


.C CH.CH 3 

II 1 

NOH NO 2 


> 


CHjOCeH.X- 


-C-CH3 

1 \ 


N.O.N-O 


By reduction with HI or Sn and IICl, or by treating with PCI5, the 
furoxans can be reduced to the corresponding furazans. As in the 
case of the furazans, the disubstituted furoxans are stable com- 
pounds, while the mono-substituted ones are easily split up by alkalies. 
The first product consists of hydroxyfurazans, wliich are then split 
up to form the oximes of a-ketonc hydroxamic acid: 


.c CH. 

.. . >0- 

N.O.N 


C-— OH 

N.O.N 


,.C C— OH 

NOH NOH 


Dimethylfuroxan, (CH3)2Cj,N202, b.p. 220®. Phenylfuroxan, 

C6H5C2HN2O2, m.p. 95®, from phenylgly oxime with NOg, is split up 
by ikali to form phenyl-hydroxyfurazan, m.p. with dec., and 
then wonitrosophenylacetohydroxamic acid (see above). On boiling 
with water it decomposes into formohydroxainic acid and benzo- 
nitrile oxide, which immediately polymerizes to diphenylfuroxan. 
The latter is also formed from benzaldoxime and benzil-dioxime, or by 
the spontaneous decomposition ( f benzonitrilic acid. Dibenzoyl- 
furoxan is formed by the action of nitric acid upon acetophenone. 
With amines there occurs a primary disintegration with subsequent 
closing of the ring, and rejection of a benzoyl group. This yields strongly 
coloured nitroso-ivsoxazoles (formerly called iso-triazoxoles), and these, 
on boiling with alcohol or glacial acetic acid, form colourless azoximes: 

C3H5CO.C C^COCjH, CHSNH, C,H6.C:C(NO).C.NnC3H» CjHtCO.CNrC.NIlCeHa 

N.O.N^ O N ^ N— b 


DicUoro,- dibromo-, and di-iodo-furoxans, liquid, m.p. 50® and 91® 

respectively, are formed by the action of halogens upon fulminate of 
mercury (B. 42 , 4192). 

Furoxanmonocarboxylic acid, (C00H)C2HN202, m.p. 90° with 
dec., is split up, on merely standing in water, to isonitroso-malone- 
hydroxamic acid. It is formed by saponification and rejection of COg 
from furoxandicarboxylic acid ethyl ester, (C02C2H5)2C2N202, b.p.j^ 
164®, obtained by the action of fuming nitric acid upon aceto-acetic 
ester* with intermediate formation of acetic ester nitrolic acid, COgRC- 
{N02):(N0H), or from chloroximido-acetic ester by treating with 
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sodium carbonate. Foroxandicarbozylic add amide, m.p. 218° with 
dec., is closely related to fulminuric acid, CNCH(N02)C0NH2 (Vol. I.), 
from which it results by the action of concentrated H2SO4, and into 
which it can be partly converted by boiling in water (A. 867 , 80). 


15. AZOXIMES OR FURO[abi]DIAZOLES. 


The azoximes, furo\jiL,h{\cliazoles, 


CH=Nv 

I > 

N— CH^ 


O, 


correspond to the 


triazoles or pyrro[a6i]diazoles, and just as they are obtained fi:om the 
amidrazones, so the azoximes are prepared: 

I. From amidoximes and carboxylic acids (their chlorides or anhy- 
drides) : 


CHj,.C=NOn 

I 

Nllg 

Acetamidoximc. 


CH3.C-N 

+ C,H,COOH > 1 >0 

N=-C.C,H, 

Ethenylbenzenyl azoxime. 


The amidoximes combine with the aldehydes of the fatty series to 
form hydr azoximes, which part readily with hydrogen, and become 
azoximes. COCI2 CSClg form carhonylazoximes (furo[«&i]diazolones) 
and azoximthiocarhinols (B. 19 , 1487; 22, 2422; 28 , 2231). 

2. Azoximes are also prepared by Beckmann's transformation 
from glyoximes or furazans (B. 27 , R. 800) : 

Cellg .C NOII CcHs— C .. NOH CsH.C - N 

I > I > I >0 . 

CJl6.C=. NOH Nil— CO.CflHB N = C.C,H3 

Hcnzile dioximt;. Dibenryl aroxime. 


Diethenyl azoxime, C2(CH3),N.20 (B. 17 , 2755), is a very volatile 
body. Ethenyl benzenyl azoxime, C2(CH3)(C*H5)NjO, melts at 41®. 
Dibenzenyl azoxime, C2(CgH6)2N20, melting at 108° and boiling at 290?, 
also results when hydroxylamine acts upon benzoyl benzimide chloride 
(A. 296 , 284) ; from the oxidation of benzaldoxime with sodium 
hypochlorite; and by reduction from dibenzenyl 0x0 -azoxime, 
N.O.C-C.H, 

• • . \ . m.p. 134°, obtained by spontaneous decomposition 

Cflhlj.C N — O 

of benzohydroxamic acid chloride, and by the action of ale. HCl upon 
tribenzo-nitrile oxide (B. 42 , 806). 

C— € N X 

Oxalenebisazoximethenyl, 0/ 11 >0. melts at 

\C(CH3) N N C(CH3)/ 

165° (B. 22 , 2949). 

Benzenyl Carbonyl Azoxime, melting at 198®, and 

N 

Benzenylazoxime-thiocarbinol, I 

N=C( , 

produced from benzenylamidoxime by means of COClg and CSClg. 


^O, melting at 131®, are 


N=CR 

16. OXYDIAZOLES OR FURO-[bbil-DIAZOLES; . \o. 

N=CH/ 

Derivatives of the hypothetical oxydiazole or furo“[66i]-dia^oie are 
obtained from sjyw-diacidyl hydrazines on heating alone or with dehy- 
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drating agents, as in the formation of furans from 1,4-diketones 
(B. 82 , 797; J. pr. Ch. [2], 68, 130): 

NHCOC.H , N=C(C,H.K 

KHC0C.H5 ■“^n=c(c,H5 )/ • 

Dimethyl-ozydiazole, Diinethylfuro-\}ah-^-diazole, N2(CCH3)20, b.p. 
179®, is obtained from diacetohydrazide and acetic anhydride or 
by heating tctracetylhydrazine; alkalies and acids decompose it more 
easily than the aromatic derivatives. Diethyl-, Dipropyl-, Diisopropyl-, 
Pu'5obutyl-furo-[bbi]-diazole, b.p. 198°, 227°, 209°, 232°; Didecyl- and 
Dipentadecyl-furo-[bb,]-diazole, m.p. 54°, b.p.22 275°, and m.p. 72°, 
b.p.js 215° (J. pr. Ch. [2], 69 , 481/.). 

Diphenyl-oxydiazole, Diphenylfmo-[hh-i]-diazole, Dihenzylisazoxime, 
m.p. 138°, b.p.jg 231°, forms with AgNOj a rather insolnblc double 
compound. It is formed (i) by heating dibenzo-hydrazide (.see above). 

(2) From silver benzal-benzo-hydrazide and iodine (J. pr. Ch. [2], 
70 , 414): 

(3) From dibenzenylhydrazidine w’ith (A. 297 , 2C14) : 

N--C(CJI,)NH,_n,Oj _ N=C(C.H,)\^ 

N-C(C„iyNH, ^N-C(C.IId/‘’ 

(4) Like the isomeric dibenzenyl azoxime and diphenyl fur.izan 
(see below) from benzil dioxime: 

Con,C : NOH _pc,, N-C(C,HdCI N-C(C.Hd\^ 

C,H5C:N0H "n-C{C,H5)CI “ N C(C,H,)/ 

Dimethyl- and diphenyl-bisfaro-[bbi]-diazole, m.p. 212° and 270°, 
have been obtained by heating diacetyl- and dibenzoyl-oxal-hydrazide 
with P2O5 ( J. pr. Ch. [2], 70 , 427) : 

NH— NH NH— Nil , .,,^0 N- N N- N 

CHjCO CO— CO COCII, ^ CHsC.O.C— c'.O.CCIIj 

The Eeto-, thio-, or imino-ozydiazolines are derivatives of dihydro- 
oxydiazole or oxydiazoline. They are produced from carboxylic and 
urea derivatives of phenylhydrazine, naphthylhydrazine, etc., through 
the action of phosgene, COClj, thiophosgcne, CSClj, and phenyl 
tsocyanide chloride, CCI2 : NC^Hg (B. 23 , 2843; 24 , 4178; 26 , 
2870) : 


(1) C.H^.NH 

I ^ 

NH.CO.CH3 
Acetyl pbcnylhydiazinc. 

(2) C10H7NH 

JfH.CO.NH, 

Naphthylsemicarbazide. 


+ COC 1 , 


> 1 > 0 . 

iV-Phcnyl methyl oxydiazolone, m.p. 280®. 

— > I >0. 

N=C(NH,y 

iV-Naphthylamlnothio-oxydiazoline, m.p. 218®. 


^(3) C,H,.NH C.H3N-C : (NC.H,). 

J +CCI,:N.C,H3— > I >0. 

NH.CHO N=CH 

Poimylphenylhydrazine. N-Pbenyl-phenylimino-oxydiasoUne, m.p. 99®. 
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Finally, phenyl-carbazinic acid esters, CgHgNHNH.COOR, and 
phenyl thiocarbazinic acid esters, CgHgNHNH.COSR, treated with 
COClg, give alkoxy- and alkylthioloxydiazolones (J. pr. Ch. [2], 
60 , 38). 

For dihydro-furo-diazoles, see also J. pr. Ch. [2], 67 , 417. 

« CH— o . 

17- FURO-[AB]-DI AZOLE, |1 \N. 

/ 3 CH— N/ 

17. The ring of furodiazole is also found in the diazo-anhydridcs 
formed by treating amino- /1-dikcto-compounds with nitrous acid: 

R.CO ^ R.COHNOH ^ RC.O.N 

R'CO.CTTNHa ^R'CO.C— N ^R'CO.C - N 

On a different formulation of the diazo-anhydrides, see B. 42 , 2347; 
A. 373 , 339. 

Diazo-acetyl-acetone-anhydride, a-Methyl-p-acetylftiro-{?ih']-diazolc, 
Oil ; Diazo-benzoyl-acetone-anhydride, a-M ethyl- p-henzoylfuro-[[ih]- 
diazole, m.p. 66°; Diazo-acetic acid ester anhydride, a-Meihylfuro-lnh]- 
diazolecarhoxylic ester, b.p,^2 to 104° (cf. Vol. I.); Diazo-tetronic 
/CH2.C.0.N 

acid anhydride, ^ -- m.p. 93°. 

The furo-fa/;]-diazoles are less stable than the corresponding thio- 
and pyrro-di azoles. Alkalies split them up with partial formation of 
diazo-bodies of the type of diazo-methane (diazo-acetic acid, diazo- 
acetophenone). On boiling with water they undergo separation of 
Ng and partial transposition. With NH3, amines, phenylhydrazine, 
and hydroxylaniine, they undergo intermediate ring division and 
yield pyrro-[('i!/;]-diazolcs, and, with HgS, thio-[(i^>]-diazolcs (A. 325 , 129; 
13 . 36,3612): ^ 

CII3C— NH,R CII3C— H.S ^ CH3C— 

CH3COC n/ ^ CH3COC— n/ ^ CH3COC— n/ 


cn=Nv 

18. THIO-[ABj]-DIAZOLES, I ^S, 

N-CH/ 

These compounds (azosulpJmnes), result from the action of carbon 
disulphide upon amidoximes (B, 24 , 388) : 


I + CS3 

NH, 

Ucnzcnyl aniidoximc. 


C,H,C = N . 

I >s- 

N= C(SHr 

Bcnzcnylazosiilphime sulpliydrate, 
m.p. i6j®. 


Azosulphime anilides are formed when phenyl mustard oil is used. 

CeH5C = N V 

Dibenzenylazosulphime, I results from the action 

N — C(C0H5) 

of iodine or persulphate upon thio-benzamide (B. 25 , 1586; J. pr. 
Ch. [2], 69 , 44). 

Dibenzenylazoselenime, m.p. 85®, from seleno- 

benzamide with iodine (B. 87, 2551 ). 
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19. THIO-[BBi]-DIAZOLE, 

N = CH/ 

4 5 

Derivatives of thiodiazole are obtained similarly to the furo- and 
p5Trodiazoles from syw-diacidylhydrazines by heating with PgSg 
(B. 32 , 797; J. pr. Ch. [2], 58 , 130) : 

NH-COCH3_p^s^ N=C(CH3)\ 

NH— COCH3 * 

Dimethylthio-Dbbil-diazole, m.p. 64°, b.p. 203°; diphenyltliio-[bbi]- 
diazole,m.p. 142°, b.p.17 259°, from diaceto- and dibenzo-hydrazide;for 
homologues, see J. pr. Ch. [2], 69 , 158, 381, 481, etc. 

Dimethyl-andDiphenyl-bisthio-[bbi]-diazole,H.c/^^c.c<^^-^c.R, 

m.p. 238° and 252®, from diacctyl- and dibenzoyl oxalhydr azide with 
P2S5 (J- pr. Ch. [2], 70 , 429). 

Dimethyl- and Diphenyl-seleno-rbbi]-diazole, m.p. 77° and 156®, 

from diaceto- and dibenzo-hydrazide by heating with phosphorus 
penta-selenidc (J. pr. Ch. [2], 69 , 509). 

The thiodiazolines are derivatives of dihydro-thio[hh^diazole. They 
result (i) from the action of aldehydes upon phcnylthiocarbazinic 
acid (Vol. II.), or, better, their ethers (B. 28 , 2635): 


+ CHaO- 

HN— CSSH 

Phenyl thiocarb.izinic acid. 


CcH,N--CH, 




S. 


N=-c(snr 

3-Phonylthiodlazoline siilphydrate, m p. xia°. 


(2) By reduction of dithiodiazoline sulphohydrates (J. pr. Ch. [2], 
60 , 28; 67 , 246). 

The thiodiazoline sulphydrates formed in this manner are very acid. 
They are stable towards acids. Aqueous alkalies decompose them. 
They oxidize quite easily to disulphides. See (B. 29 , 2127) for the 
rearrangement of the latter. 

Amino-derivatives of the thiodiazolines are prepared from the 
thiosemicarbazides with aldehydes (B. 30 , 849) : 


C.H5NH 

1 /SH + 

N-C(NHCeH.) 

Diphenylthiosemicarbazide. 


OCH.C0H5 


C,Il5N-CH(C,H,) 




N=C(]SIHC,H.)'' 

Anilinophenylthiodiazoline, m.p. i6o°. 


Analogously, the oxidation of benzal thio-semicarbazone produces 
aminophenylthio-[afe]-diazole, and wwsyw.-benzal-aS-diphenylsemj- 
carbazone gives diphenylthiodiazoline-anil (B. 34 , 324) : 


N^CHC.Hg oN=C{C 3H3)\^ N-CHCeHj ^ N=C(C,H.)— 

N=C(NH,)SH"*N=. C(NHj)/^' C,H,N— C(NC,H,)SH'^C,H,N— C(NC,H,) 


(i) Iminothiodiazolines, (2) ketothiodiazolines or pseudo-thiodiazolones, 
and (3) dithiodiazolines are made by the action of carboxylic acids, 
GOCI2 and CSg, upon thiourea- and dithio-carbamic acid derivatives 
of the hydrazines ( 24 , 4190; 27 , 613, 2512 ; 29 , 2483) : 


(I) NH. 

* n; 


N— CH 


H— CSNHC.H. 


PhenyllminothlodlasoUae, in.p. z73°* 


> 


+ HCOOH 
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Iminothiodiazoline, S.C(NH).NH.N : CH, melting at 191°, is 
obtained from formylthiosemicarbazide (B. 29 » 2511). It is remarkable 
that the acidylthiosemicarbazides, when deprived of water by acetyl 
chloride, 3deld thiodiazolines, but when heated above their melting- 
point, mercaptotriazoles result: 


(2) C10H7NH CinHrN— CO \ 

+ COCl, > 1 >S. 

NH— CS.NHj N=C(NH,r 

Naphthylthiosemicarbazide. iV-Naphthylamido-\/i-thioai0Zolone, 

m.p. 250®. 


(3) CeH^N 


CoH.N—CS 


NH— CSSH 


-f CSft 


-> 


s. 


N=C(SH/ 

iV-Pheayldithiocliazoline sulphydrate, 
m.p. 91®. 


The simplest dithiodiazoline sulphydrate, obtained from hydrazine 
and carbon bisulphide with ale. potash, is probably thio-[bbi]-diazole 

ditUol, m.p. 168° with dec. Oxidized with KMn04, 

it yields thiodiazole-disulphonic acid, N2C2(S03H)2S. 

By oxidation with iodine the thiodiazole-sulphydrates yield disul- 
phides of the type ** Diaz. — S — S — diaz.'* These are split up by am- 
monia and amines in a peculiar manner, forming the so-called hydro- 
sulphamines, diaz.SNHg, derived from a thio-hydroxylamine, HS.NHg. 
The aromatic hydro-sulphamines, diaz-SNilCgHs, transpose into ^- 
amino-phenyl-thiols, NH2«CgH4.biaz. Concerning this and other 
transformations of thiodiazolines, see J. pr. Ch. [2], 60 , 25; 61 , 330. 


0)4 5 0 ) 

20 . THIO-[AB]-DIAZOLES, 4 

3 2 

These compounds are formed from the furo-[rt6]-diazoles or diazo- 
anhydrides by the action of SHg in the presence of alkali, which first 
splits the furo-diazole ring : 

N==N-. H,s n=N-^ 

>0- . \s. 

RC=CR'"^ RC=CR'/ 

They are feebly basic and stable towards acids. Alkalies or reducing 
agents decompose them with formation of SHg. With HgClg they give 
crystalline compounds. They also combine with methyl iodide. 

’ Thio-[ab]-diaw)le,^“^“)>s. b.p. 137°, D, 1,32, a-Methyl- and 

a-Phenyltliio-[ab]-diazole, b.p. 184®, m.p. 53°, result from their car/ 
boxylic acids. a-Methyl- and a-pbenyl-thiodiazolecarboxylic ester, 
35° and 42°, from diazo-aceto-acetic ester and diazo-benzoyl 
acetic ester anhydride with SH2. The a-methyl-thio-[aZ>]-diazolecar- 
boxylic acid is oxidized by permanganate to thio-[ab]-diazoledicar- 
bozylio acid, which on melting gives in the first instance thio-[ab]- 
ffiazol-i?-oarbozylic acid. a-Methyl- /?-acetylthio-[ab]-diazole, an oil, 
is formed from diazoacetyl atetone anhydride. a-Phenyl-/ 5 -acetyl- 
and a->methyl«/ 9 -betizoylthio-[ab>diazole, m.p. 70'' and 43'', arc formed 
together from diazobenzoyl acetone anhydride (A. 325 , 169; 833 , i). 
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Another derivative of the thio-[a6]-diazoles is the addition product 
of phenyl mustard oil with diazomethane (B. 29, 2588) : 


C.HjNCS + CH,N, 


CH = C(NHC.H.)\ 

— -/S- 

Aniliiio-thio-[a6J-didzolc, m p. 172° with dec. 


The phenylene diazosulphides are tewzo-derivatives of thio[a6]- 
diazole. They correspond to the diazo-oxides and azoimides. They 
are produced when nitrous acid acts upon o-aminothiophenols : 


CH^CII— CNH, CH = CH— C— 

I II + N,03 > I II V. 

CH =. CH— eSH CH -= CH— C— s/ 

o-Amino-tliiophenol. Phenylene diazosulphide. 


The diazosulphides are more stable than the diazo-oxides. They 
resemble the azoimides more particularly, as they only give up their 
nitrogen at higher temperatures, and then without deflagration. In 

doing this they yield diphenylene disulphides, CoH4<g>CcH4. The 
diazosulphides are feeble bases, and take up alkyl iodides (A. 277, 214). 

Phenylene diazosulphide, CgH4N2S, melts at 35^ and boils at 129° 
(10 mm.). Cumylene diazosulphide, CgH(CH3)3N jS, melts at 85°. 


3 2 

21. THIO-[AA]-DI AZOLE, | >S. 

4 5 

The benzo-derivatives of this thiodiazole {piazothiolcs) are formed 
upon treating theo-phcnylenediamines withsulphurous acid(B. 22, 2895) : 


CH CH— C— NHa 
I II + SO2 

CH CH— C— NH, 

o-Phenylenediaraine. 


CH----CII— C— Nv 

-> 1 II 1 >s. 

CH = CH— C— 

Piazothiole, m.p, 44^, b.p. 206^’ 


The piazothioles are feebly basic bodies, which are very stable 
towards oxidants. The o-diamines result from their reduction. 

The piaselenoles correspond to the piazothiols. Thcy^^re similarly 
formed from o-diamines and selenious acid. In their stability they 
resemble the piazothioles. 

Piaselenole,CaH4/ | >se, melts at 76°. 

Tolupiaselenole,C7lig(N2Se), melts at 73° and boils at 267°. 


N=CH\ 

22. THIO-[ABBi]-TRIAZOLES | >S. 

N 

A series of compounds may be referred to this ring [thiotriazoles 
or triazosulpholes). They result from the action of nitrous acid upon 
thiosemicarbazide and dkyl thioscmicarbazides, whereas phenylthio- 
semicarbazide yields a tetrazole compound (B. 29, 2491) : 

.N— NHj .N— N 

CHg.NH.CC +NOOn >C?l3.NH.Cf || 

^SH ^S— N 

The aminotriazosulpholes formed in this manner decompose, when 
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boiled with water, into sulphur, nitrogen, and cyanamides, while with 
concentrated hydrochloric acid they yield nitrogen and thiocyanamides: 

Methyl&mino-, ethylamino-, and allylamino-triazosolpholes melt at 
96°, 67°, and 54°. Amino-triazosolphole, from thiosemicarbazide and 
N2O3, deflagrates at 129°. 


23. TETRAZOLES. 

( 3 ) (a) 

Pyrro-[aaib]- and -[abbj-triazols, and ^ 

— ^These two possible isomeric groups of j^rro-triazoles are c6mprised 
under the name Tctrazoles; as in the case of the triazoles, the syntheses 
of the tctrazoles do not always offer a sure indication of their constitution 
(B. 29 , 1846). An A/’-phenyl-pyrro-[aai^]- triazole and an A-phenyl- 
pyrro-[«6fei‘J-triazole are known with certainty, but, on eliminating the 
phenyl groups by oxidation, these yield the same tetrazole: 


CH=N, 


;>N- 


CH— N. 

fl )N <- 
N- 


— 


CH^N. 

I >NCeH5. 


(i) By the condensation of azoimidc with 
prussic „a cid and its derivatives, like fulminic acid) 7 sonitriIes, 
cyaho^iTKromide, and cyano-fonnic ester, probably witli intennediate 
formation of imidazides and hydroximic acid azides (B. 43 , 2219; 
C. 1910, I. 1794; 1911, I. 6b2, 1297): 


I. C-NH h-Hn/?- 

\n 


II. C = NOH + I-IN 


/N 

\n 


[■<<q 

L ^NOH J 


N N 

-> HC< H I 


■N 


-> HC/ 


,N- 


-N 


‘N(OII) . N 


(2) The primary formation of imidazides is also the base of the 
formation <4 tctrazoles by the transposition of imido-chlorides and 
similar compounds with sodium azide (C. 1909, I. 1316; B. 42 , 

3359): 


CJIX' 


/ 


Cl 


VCall, 


r /N - 

Can,C<^\N 

L ^NCaHj 


->CaHaO 


N- 


-N 


N(CeH 5 ).N 


In amino-carbimide-azide, NH2C( : NHjNg (from amino-guanidine 
and nitrous acid), the easy transition into amino- tetrazole has been 
observed directly (A. 314 , 339). 

^ ' (3) By the action of nitrous acid upon hydrazidines (amidrazones) — 
e.g., benzenylhydrazine (B. 27 , 995), dicyanophenylhydrazine (Bladin, 
B. 19 , 2598), amino-guanidine (A. 273 , 144). This is similar to the 
formation of triazoles from the same compounds with carboxylic 
acids: 


CN.C-N— NHCeHj 

ijH, 

Dicyanpheoylhydi aeiae. 


+ N20,- 


CN.C = Nv 

■> 1 >N.C.H,. 

iV*Plieayl-3-cyaDtetra2ole. 
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A tetrazole derivative which might be derived from pyrro[aWi]- 
triazole is produced in the action of HNOj upon phenylthiosemicar- 
bazide (B. 28 , 74) ; 

S : C— NH— NH, HS : C— NHk 

I + hNO, > 1 >N. 

NHC,H, C,H,N 

Phenyl thiosenucarbazide. iV-Phenyl-pyrro-[fl6i>j]-triazol-mcrcaptan. 

(4) With nitrous acid the aniidines yield dioxytetrazotic acids. 
These, on reduction, become oxytetrazotic and tetrazotic acids. The 
latter are identical with the tetrazoles which are formed by the first 
method (A. 263 , loi; B. 27 , 994): 


C,H4.C=NH 

NH, 

Beuzenyl amidine. 


CeHj.C-N.NO 

-> ! (?) 
N=N.OH 

Dioxytetrazotic acid« 


> I >NH. 
N=N^ 

Bcnzenyl tetrazotic acid, 
Pbenyltetrazole. 


(5) By the condensation of phenylazoimide with aldehyde phenyl- 
hydrazones by means of Na alcoholate in alcoholic solution, aniline 
being evolved (B. 43 , 2899) : 

CHaCHrN.NHCeH, ^ CH^.CiN.NHCeH^ ^ CH3C : ^ 

+ N^N.NCeHj ^ NiNNHCeH^ ^ N : N/ '' 

! ^1 ■ 


This synthesis is a parallel to the formation of osotriazoles from 
osazones. 

(6) From the diazo-hydrazides obtained by the reaction of 
mono- and diacyl-hydrazines with diazonium salts, under the action of 
alkalies: 



NH, NH.N:NCeH, N:N \ 

NH.COCH, • * * NH.COCH, N:C(CH,)/ 



(7) Finally, the tetrazoles are prepared by oxidizing suitable tetra- 
zolium compounds, the oxidation products of formazyl derivatives 
{see below). 

Behaviour . — ^The tetrazole ring, composed of four N-atoms and one 
C-atom, shows in general equal stability with azoles, containing less 
nitrogen. Thus, the iV-phenylated derivatives, just as with the 
pyrazoles-and the triazoles, can be converted by nitration into nitro- 
phenyltetrazoles, and the amino-bodies from these may be oxidized to 
tetrazoles. The feebly basic character of pyrrole becomes in tetrazole a 
strong acid, due to the influence of the N-atoms. After comparing 
pyrrole in many respects with phenol, tetrazole may be arranged side 
by side with trinitrophenol. The silver and copper salts deflagrate 
violently on heating. 

Tetrazole, CN4H2 (for constitution, see above), m.p. 156°, capable 
of sublimation, is obtained (i) from hydronitric acid and prussic acid; 
(2) by treating diazo-tetrazole with alcohol (A. 287 , 243) ; (3) by oxidizing 
tetrazole mercaptan with nitric acid; (4) by oxidizing iV-amino-phenyl- 
pyrro-[a^ri6]-triazole (B. 25 , 1412), or, A^-amino-phenyl-pyrro-[a&ii]- 
tri^ole (B, 84 , 3120); (5) by oxidizing di-j&-oxyphenyl tetrazolium 
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betaine; finally (6) by oxidizing the so-called naphtho-tetrazole, a com- 
bined quinoline-tetrazolering(B.38,i89o). SodiumsaU,C^JI^di^-VLjd, 
barium salt, (CN4H)2Ba 4-3JH20. Heating with cone. HCl decomposes 
tctrazole into COg, Ng, and 2NH3. 

0-Phenyl-tetrazole, benzenyl-tetrazoUc acid, C(CgH 5 )N 4 H, decom^ 
poses on careful heating to 218°, forming diphenyltriazole and diphenyl- 
tetrazine (A. 298, 96). It is obtained from benzenyl-dioxytetrazolic 
acid or from benzenyl-hydrazidine. Similar processes yield C-tolyl-, 
C-furyl-, and C-anisyl-tetrazole from the corresponding hydrazidines 
or amidines (B. 28, 465; A. 298, 105). A^-Methyl- and A^-ethyl-pyrro- 
[abbi]-triazole, m.p. 37° and b.p .14 156°, from the tsonitriles and hydro- 

nitric acid. iV-Phenylpyrro-[aaib]-triazole, N : CH . N : N, Oil, 


from its carboxylic acid. 

t , 

N.N: N, m.p. 66°, from 


r 

N-Phenylpyrro-[abbi]-triazole, . N . CH :- 

phenyl wocyanide and N3H, from diformyl- 


hydrazine and diazo-benzene chloride in alkaline solution, and from its 


mercaptan, by oxidizing it with chromic acid (B. 34, 3120). A’-Phenyl- 


a-methyIpyrro-[abbi]-triazole, CgH 5 N.C{CH 3 ) :N.N : N, m.p. 97 5°, from 
acetyl- and diacetylhydrazine by method 6. A^-Phenyl-i^-methylpyrro- 


r I 

[aaib]-triazole, CqH-.N.N: C(CH3).N : N, m.p. 40°, by method 5. 

^,a-Diphenylpyrro-[abbi]-triazole, QH^N.C^C^H^ : N.N : N, m.p. 146°, 
is formed by transposing benzanilidc-imide chloride with sodium azide; 
from benzo-hydrazide and diazobenzene chloride by method 6, and from 
the transposition product of benzophenone chloride with sodium azide 
by an atomic displacement recalling Beckmann's transformation (B. 43, 

I ■ ■ I* 

3339)- A^,i5-piphenyl-pyrro-[aaib]-triazole, C^HgN.N : C(CgH5).N : N, 
m.p. 107°, is obtained from benzaldehyde phenylhydrazone and 
QH5N3 ; by oxidation of ^ - hydroxyphenyl - diphenyl - tetrazolium 
hydroxide with KMn04; and from the so-called guanazyl-benzene, 

oxidation with NgOg or nitric acid (B. 30, 

449). It is distinguished by great stability (B. 29, 1854). 

Bis-tetr azole, (CHN4)2 (?), results from the addition product of 
cyanogen and hydrazine with NgOg (B. 26, R. 891). 

C-Bromo-tetrazole, BrC2HN4, m.p. 148°, from cyanogen bromide 
and azoimide. 

C-Amino-tetrazoIb, amino-ieirazotic acid, C(NH2)N4H, m.p. 203°, 
results from diazo-guanidine nitrate with nitrous acid, with intermediate 
formation of amido-carbimide azide, and yields diazo-tetrazole on 
further action of nitrous acid. Diazo-tetrazole explodes in cone, aqueous 
solution even at 0°, and probably has the following constitution: 

(compare diazo-indazoles, etc.); with metallic oxides, 

stable salts are formed of the type C(N : N . OMe)N4Me. A reduction 
of the diazo-tetrazole produces tetrazyl-hydrazine, C(NHNHo)N4H, m.p. 
199° with dec. The latter is decomposed by nitrous acid into tetrazyl 
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azolmide, C(N3)N4H, a beautifully crystalline but exceedingly explosive 
substance (A. 287 , 238). Oxidation of amino-tetrazole in strongly 
alkaline solutions with KMn04 produces salts of azo-tetrazole, (HN4C)- 
N : N(CN4H), which is very unstable in the free condition, and is 
converted by mineral acids into tetrazyl-hydrazine, nitrogen, and 
formic acid, and by reduction with Mg powder into hydrazo-tetrazole, 
(HN4C)NH(CN4H), a white powder exploding on heating. 

On treating solutions of hydrazo-tetrazole or azo-tetrazole with 
bromine, nitrogen is evolved, and the first result is dibromo-formal- 
tetrazyl-hydrazone (i), m.p. 177°, and then zse-cyano-tetra-bromide 
(2), m.p. 42° (see Vol. I. and A. 303 , 57) : 

(HN4C)N : N(CN4H) — (IIN^qXH . N : CBra - : N . N : CBr^ 

C-Anilino-iV-phenyltetrazole, C,jH5NH.CN4.CpHr„ m.p. 163°, and 
its homolggues are obtained from the amido-diaryl guanidins with 
N2O3 (B. 33 , 1061). 

A^-Hydroxypyrro-[abb]]-triazole» from fulminic acid and Ngll, de- 
composes with deflagration at 145°. a-Phenyl-A/'-hydroxypyrro-[abbi]- 
triazole, m.p. 121° with dec., is formed from benzo-hydroximic acid 
chloride and sodium azide, as well as from benzo-hydrazidc oxime 
with nitrous acid, probably with intermediate formation of the un- 
stable benzo-hydroximic acid azide. iV-Phenyl-a-hydroxypyrro-Labb,]- 
I “■ 'I 

triazole, C^H^iN . C(OH) : N.N: N, m.p. 187°, from hydrazodicarboxylii* 
ester by method 6. 

C-Bis-iV-hydroxytetrazole explodes very \'i()lenUy at 176'^ and 
rubbing; it is formed from oxalhydrazide o'<imc and nitrons acid 
(B. 42 , 4201) : 

HON\^_^ /NOH N;0, N.y(OIi}\ ^./N(OIi) .X 
‘ NHjNH/ ~^\NHNH2 N — — N/ “ ^ \N X 

Tetrazole-C-carboxylic ethyl ester, (C02CoH-)CN4H, m.p. 86°, from 
cyano-formic acid estCr and N3H, yields tetrazole on saponification. 


A"-Phenyl-pyrro-[aaib]-triazole-i5-carboxylic acid, CJd^N.NiC- 

1 

(COOH).N:N, m.p. 138°, is formed by saponifying A^-phenyl-cyano- 
tetrazole; or from glyoxylic acid phenyl hydrazone by method 5; and 
by a peculiar atomic displacement from the A'-phenylbenzoyloximino- 
pyrro-[ai>]-diazolone on treating with cold NallO (B. 41 , 4055): 


C«H6N< 

* ® \CO-X : NO.COCJB 




Tetrazyl mercaptan, HS.CN,H, m.p. 205° with dec., results from 
its methyl ether, CH^S.CN^H, m.p. 151° with dec., by heating 
with HI. This ether is obtained from mcthyl-thio-somicarbazidc, 

with NgOg. The mercaptan on oxidation with HNO3 

yields tetrazole, but with KMn04 tetrazole sulphonic acid, C(S03H)N4H, 
which yields C-oxy-tctrazole, C(OH)N.^H, m.p. 254°, on fusion with 
potash (B. 84 , 3110). 
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AT-Phenyl-a-thiotetrazoline, S : C— NH— N = N— N . CgH^ (?), melting 
with decomposition at i42°-i45®, is formed from phcnylthio- 
semicarbazidc when acted upon with nitrous acid. Digestion with 
caustic soda converts it into isomeric phenyltetrazyl mercaptan, 

I I 

HS . C = N — N = N — N . CqHq, melting at 150°. Both compounds 
yield the same silver salt, which methyl iodide converts into 
'^-phenyltetrazyl methyl sulphide. Potassium permanganate produces 
iV-phenyltetrazole sulphonic acid, C(S03H)N which, upon heat- 
ing with hydrochloric acid, splits off the sulpho-group and becomes 

I I 

i-phenyl-$-hy dr oxytetr azole, OH.C =N — N = N — NCgH^, melting at 186°. 

Tetrazolium compounds are those which result from the oxidation 
of formazyl bodies in a manner similar to that by which the azoam- 
monium derivatives are obtained from the o-anilino-bodies (B. 27 , 
2920), and the osotctrazoncs from the osazones: 


HC -N—NIK'JIs 

I 

N..N— CJI5 


Formazyl Hydride. 


O 


- I 

/\ 

OH C„II, 

n-Diphcn> 1 t^’trazoliU in i J v di oxide. 


The oxidation is best effected by amyl nitrite and liydrochloric acid. 
The tetrazolium hydroxides are, like all ammonium hydroxides, strong 
bases. Ammonium sulphide reduces them to formazyl compounds. 

A^- Diphenyltetrazolium chloride, CHN^(C,.H.)o('J, melting with 
decomposition at 268°, results b}^ the elimination of carbon dioxide 
from diphenyl-tetrazolium chloride carboxylic acid, melting at 257° 
with decomposition. The ester of this acid is prepared fronj 
formazyl carboxylic ester, and passes just as readily as the acid 
.N— NCJI. 

into a betaine, I ^N— 

1 I 

CO — 0 

^-Dihydroxydiphenyl-tetrazolium betaine, formed in an analogous 
manner, melts at 179° with decomposition, and can be oxidized to 
tetrazole (B. 28 , 1^93) : 

N.C^lI^OH 

C< I 

\N-N.CcII4.OIl 
CO o 


■lie 


\ 


.N— XH 

1 . 
■N = N 


which demonstrates the connection between the tetrazoles and tetia- 
zolium compounds. Similarly, ^-hydroxyphenyldiphenyltetrazolium 
chloride yields diphenyl tetrazole (B, 29 , 1852). Cyc/odiphenylenetetra- 

N— N c,u, 

zolium chloride carboxylic ester, cOjR.Cv | , is derived 

=NC1---C4H4 

from cycfofonnazyl carboxylic e^ter (A. 295 , 335). 
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4. SIX-MEMBERED HETERCXYCLIC COMPOUNDS. 


A. MONOHETERO-ATOMIC SIX-MEMBERED RINGS. 

I. Six-Memhered Rings with an 0 -Member. — A series of cyclic 
bodies belongs here. They have already been discussed, according to 
their character, either with the fatty bodies or fatty aromatic sub- 
stances with open chain, with which they are genetically related. 
They are the anhydrides of ^-glycols (I. 318), the ^-lactones — e.g., 
^-valerolactone (I. 374) — the anhydrides of the glutaric acids (I. 502), etc. : 


Pentyicne Oxide. 


^*-Valerolactciic. 


LU,<ch^_Co>'-'- 

M-Cilutanc Anhydride. 


These are unsaturated S-lactoncs and acifl anhydrides correspond- 
ing to the saturated Mactones and ^-acid anhydrides. Anhydrides 
of unsaturated ^-glycols are not known, but there are anhydrides of 
di olefine dihydroxyketoncs. They are the y-pyrones, which arc 
isomeric with the diolefine-^-oxy-acid lactones, the a-pyrones: 


CO 


XII -CH\ 




CH--CH 


>° 


y-Pyrone. 


3 4 


CH 


XII Xl-K 
\ /O 

XII— co^ 


I 

a-PyroTie. 


co<^ 


2 3 

CH-- Cl I 
CH.,— CO 



o. 


I 

o,y-Pyronone. Glut.iConic Anh/dnde. 


The pyroncs and allied compounds are characterized by the fact 
that when they are digested with ammonia the linking oxygen atom is 
replaced by NH, and pyridoncs or hydroxypyridines (p. 171) result: 


/C(CO.,H) = CH 
CH< 

XH — CO- 


> 


NH, 


>CH< 


a-Pyrone Carboxylic Acid, 
Coumalic Acid. 

Co<CH=C(CH,) o- 

Dimethyl-y-pyroiic. 


C(COdi)-v Cllv 

>NII. 

CH — CC 

Hydroxypjcolinic Acid. 


^cu<ch^C(CH3)^^^*- 

Lutidonc 


CH- 

a,ai-Diraethyl-y-i)yridonc. 


(a) The coumalins belong to the a-pyrones: 
a-Pyrone, Coumalin, C5H4O2, and 2,4-Dimethyl-a-pyrone, dimethyl 
COumalin, C5H2(CH3)202 (i. 362), are obtained from their acids: 

> Coumalic Acid, C5H3O2XO2H, made by the action of concentrated 
sulphuric acid upon malic acid, and Dimethylcoumalic acid, iso^dehy- 
dracetic acid, 2 ,^-dimethyl-a-pyrone'^-carhoxylic acid, C5H(CH3)202- 
COOH, obtained from aceto-acetic ester with H2SO4, and by trans- 
forming sodium aceto-acetic ester with )?-chlorocrotonic acid ester 
(see Vol. I.). On ethoxycoumalindicarboxylic acid ester, CgHOg- 
(0C2H5){C00C2H5)2, m.p. 94°, from dicarboxy-glutaconic acid ester, 
and others, see A. 297, 86; J. pr. Ch. [2], 68 , 404. Phenylcoumalin, 
i-phenyl-a-pyrone, C5H3(CgH5)02, m.p. 68®, is found in Goto bark. On 
reduction it yields 5-phenyl valerianic acid, and with ammonium 
acetate a-phenyl pyridonc (B. 29, 1673, 2659). a-Pyrone- 4 -carbozylie 
acid, m.p. 228®, results from treating oxal-crotonic acid ester with 
alkalies (C. 1900, 11. 174). i-Phenyl-a.pyrone- 4 -carboxylic acid ester, 
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from phenylpropargylidencmalonic acid ester (B. 36 , 3671). A series 
of a-pyrone derivatives has been obtained by the condensation of 
acetylene carboxylic esters with jJ-diketones or ^-ke tonic acid esters 
and sodium ethylate (C. 1899, 11. 608, etc.). 4-Methyl-a-pyrone- 
1,3-dicarboxylic acid ester, C5H02(C02C2H5)2(CH3), m.p. 80°, by con- 
densation of ethoxy-methylene malonic ester with sodium aceto-acetic 
ester (C. 1908, II. 523). 

From the a,7-pyronones (see above) are derived .‘"Dehydracetic acid, 

n^aceto-ymethyl pyronone, CH^C: CH.C0.CH(C0CH3)C0.0 (B. 43 , 
1070), obtained by boiling aceto-acetic ester, and by polymerizing 
ketene, CH2=CO ( 13 . 41 , 597), and therefore also from acetyl chloride 
with tertiary bases (A. 323 , 247) and by the action of PgOg upon boiling 
acetic anhydride ( 15 . 40 , 362). It is also fonned by detaching COj 
from dehydraceto - carboxylic acid, i - aceto - 3 - meihylpyronone-2-car- 
hoxylic acid, obtained from acetone dicarboxylic acid with acetic 
anliydride (A. 373 , 186). On heating with cone. H2SO4, dehydracetic 
acid passes into triacetic acid, ^-mcthylpyronone ( 13 . 24 , R. 857), which, 
in turn, is converted into dehydracetic acid by heating with acetic 
anhydride and sodium acetate (B. 37 , 3387). Further, a,y-pyronones 
have been obtained by the action of tertiary bases upon mono-alkyl- 
acetyl chlorides (A. 378 , 261). 

{b) y-Pyrones result in general from a,y,c-triketones by elimination 
of H2O (B. 24 , in): 

.Cll 2 .CO.CO 2 n .CH=.C^C02R 

co^^ .-co^ >0 

\CHa .CO .CO 2 U = C^C0.2R 

Acotc)ut\uo.\.i)ic Chelidonic Citcr. 

Conversely, they are easily reconverted into triketones by alkalies. 
Though the pyrones contain a ketone-oxygen atom, they do not react 
with hydroxylamine, etc. (compare xanthones), neither do halogens 
add themselves to the j^yrones. The pyrones, especially dimethyl 
pyronc, possess the peculiar property of combining with acids and 
metal haloids to salt-like addition products which easily dissociate 
again into their components. This fact has been used to support the 
quadri-valence of the oxygen in these compounds (compare Cineol, 
C. 1900, II. 313; A. 364 , i; 376 , 217). 

y-Pyrone, pyrocomane, C^H^Og, m.p. 32°, b.p. 315®, results from 
its carboxylic acids, comanic and chelidonic acid, by the loss of COg 
on heating (B. 37 , 3744). Pyrone, which may be regarded as an 
anhydride of bishyi-oxymethyleneacetoiie, CH(OH) ; CH.CO.CH: CH- 
(OH), can easily be split up into its derivatives; thus we obtain, with 
NaHO and benzoyl-chloride, dibenzoyl bishydroxymethyleneacetone ; 
with K methylate the K-salt of bishydroxymethyleneacetone mono- 
methyl ether; aqd, by acetalizing with orthoformic acid ester and HCl, 
the hexa-ethylacetal of diformyl acetone (compare the splitting up of 
furan into succino-dialdehyde tetra-methyl acetal). Pyrone is easily 
regenerated from the derivatives of bishydroxymethylene acetone 
(B. 38 , 1461). Mono- and dib^omo-pyrone, m.p. 114° and 157'' respec- 
tively, are obtained by the action of undiluted bromine upon pyrone 
(B. 38 , 3562). oa^-Dimethyl-y-pyrone, C5H2(CH3)202, m.p. 13a® 
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(subliming even at So®), b.p. 248°, is formed from dehydracetic acid on 
heating with HI, or from its dicarboxylic acid (see below) (A. 257 , 253). 
Hydrochloride, C7Ha02 • + 2H0O ; chloroplaiinate, (C7Ha02)2H2- 

PtCl^; oxalate (C7HsOo)CoOjll2. On boiling with barium hydrate it 
yields diacctyl - acetone; and with methyl iodide, dimethyldiacetyl 
acetone, which, on heating with HCl, passes into tetramethyl-y-pyrone, 
C5(CH3)iO, m.p. 92® (C. 1900, II. 313). On heating with ammonia, 
dimethyl pyrone torms lutidone (see below). 

a-Phenyl-aj-methyl- 7 -pyrone, m.p. 88®, and aa^-diphenyl-y-pyrone, 
m.p. 139°, have been obtained by the condensation of phenyl-propiolic 
acid ester with acetone and acetophenone respectively (C. 1908, 1 . 1703). 

/?-Hydroxy-7-pyrone,^yroco;«6’^//c or pyromeconic acid, C5H5(0H)02, 
m.p. 121°, b.p. 22S®, is formed by the distillation of its carboxylic 
acids, comenic and meconic acid. With bases it forms unstable salts. 
With N2O3 there results an iso-nitroso-compound derivable from the 

tautomeric keto-form, C'^<ch passing, on reduction 

into pyro-mecazonic acid, a/iy-trihydroxypyridine (C. 1902, I. 1365), a- 
Methyl-jS-hydroxy-y-pyrone, maltol, m.p. 159®, has been found in the 
needles of pines and the bark of larches, and is also formed on roasting 
malt (B. 36 , 3407; C. 1905, 11 . 680). 

Pyrone-a-carhoxylic Acid, Comanic Acid, C‘3llj02.C02H, is obtained 
from chelidonic acid by the loss of carbon dioxide. It dissolves with 
difficulty in water. It melts at 250® and decomposes. When boih d 
with lime it decomposes into acetone, oxalic acid, and formic acid. 
It forms an hydroxypicolinic acid when digei>lcd with ammemia. 

Pyrone-aai-dicarboxylic Acid, Chelidonic Acid, C5H202(C0oH)2, 
melts at 220®, and occurs, together with m^ilic acid, in Chclidoninm 
majtis (A. 57 , 274). It can be readily obtained through the loss of 
water from acetone-dioxalic acid. It forms colourless salts. An 
excess of alkali converts it into salts of acetone-dioxalic acid or 
xanthochelidonic acid, which are 3'ellow'-coloured. 

The reduction of chelidonic acid gives rise to acctone-diacetic acid 
or hydro-chelidonic acid, and normal iiimelic acid. Ammonia converts 
it into an hydroxy-pyridine dicarboxylic acid. 

Hydroxy-pyronecarboxylic Acid, Comenic Acid, C5li2(0H)(C00H)02, 
from meconic acid, is converted by ammonia into dihydroxypicolinic 
or comenamic acid, which can also be obtained from meconic acid, 
C5H(0H)(C00H)202 + 3H20, which occurs in opium in union with 
morphine (A. 83 , 352). It readily parts with carbon dioxide. Ferric 
salts colour its solutions dark red. The constitution of these acids 
has been determined by their decomposition products with barium 
hydrate (C. 1900, II. 384). 

Dimetl^lpyronedicarboxylic Acid, C5(CIl3)2(C00H)202; its diethyl 
ester, melting at 80®, is formed by the exit of water from carbonyl di- 
acetoacetic ester, C0LCH(C02R)C0CH3]2 (B. 20 , 154; also B. 24 , R. 573). 

• Tetrahydropyrone derivatives result from the condensation of 
acetone dicarboxylic esters and aldehydes by means of hydrochloric 
acid (B. 29 , 994, 2051) : 


CO<‘^^^(CO.R)-CH(C,H,) „ 
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Dimethyl- and diphenyl-tetrahydropyrone dicarboxylic diethyl esters 

melt at 102“ and 115°. Tlic free acids split off COg and yield tetra- 
hydropyrones, which arc easily split up to diolcfine-kctones by mineral 
acids; ooi-Diphenyl tetrahydropyione, m.p. 131“, gives dibenzal-acetone. 
In contrast to the pyrones, the tctrahydropyrones yield oximes 
(B. 30 , 2801; 31 , 1508; 32 , 809, 1744). 

Similarly, diphenyldimethyl tetrahydropyrone, CgH 402 (CH 3 ) 2 (CgH 5 )j, 
melting at 106° and boiling at 236° (20 mm.), is formed from diethyl 
ketone and two molecules of benzaldehyde in the presence of alcoholic 
potash (B. 29 , 1352). 

The coumarins and i6'ocoumarins are henzo-derivatives of a-pyrone : 


ff'- 


[i]CH^ Oil 


2 JO CO 

(a-) Ht‘n/,(jpyi,one, Couiu.uMi. 


( [I JCH =CH 

, 1 

i[2]C0-0 

/so-[a j-bensu];yrorio, /socou lUdrin. 


The hitter are more easily converted ammonia into benzo- 
pyridone or liydroxju'i't^qiiiiioline derivatives than the pyrones into 
pyridones. 

Coumarin and its liomologues have been discussed as lactones of 
o-hydroxycmnamic acids immediately after the latter. Isocou 7 narins, 
the lactones of benzene carboxylic acids, with hydroxylated side-chain 
unsaturated in the /i-position, isomeric with the o-hy dr oxy cinnamic 
acids, are produced by the following general methods : 

•* I. Benzyhdene and alkyhdene phthalides can be rearranged into 
^sobenzalphthalides or isocournarins (B. 20 , 23^3; 24 , 3973); 

C-CII.C.II, ,CH = CC.H, 

>0 >C,H4< I 

CO x:o~o ^ 

Uonz.tli'hthalidc. /iobciizalphlhalide, 1’henyhsocouinarin. 


2. When acid anhydrides or chlorides act upon o-cyanobenzyl 
cyanide, condensation products result which, upon treatment with 
acids, have one cyanogen group split of! and the other saponified, with 
the production of zsocoumarins (B. 25 , 356b; 27 , 827): 


.CIL,{CS) 

C«Il 4 < 

XN 


(RC0),,0 


C(CN)-CR 


OOCK 


HO XH — CR 

- >c.h/ 1 

\CO— o 


4 Bcnzopyyanols . — Derivatives of benzo-a-pyrone, which, instead of 

/AT T 

the >CO-group of benzopyrene, contain the group >C< ^ and 

are therefore called “ bcnzopyranols/' are formed by the condensation 
of o-hydroxybenzaldehydes and ketones by means of acids: 

rCHO Clla (CH=CH 

c,uA -l-l >c.hJ 

ion CO.CH 3 to C(0II)(CH8) 

The simplest benzopyranols arc compounds of but slight stability. 
Like xanthydrol and phenyl-xanthenol, they give with mineral acids 
and metal haloids intensely coloured compounds, many of great 
stability (A. 364 ?, 17; 370 , 196). 
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a-Phenyl-benzo-pyranoIf from acetophenone and salicylaldehyde, 
is split up into its components by NaHO. a/ 3 -Diphenyl-bcnzo-pyranol, 
m.p. 122°, from salicylaldehyde and desoxy benzoin. 

^ Among the benzo-pyranols there is also a group of dye-stuffs formed 
by the condensation of multivalent phenols like resorcin, pyrogallol, 
phloroglucin, and hydroxyquinol with / 5 -dikctones : 


fH CeH.CO 


■> 




rC(C,H,) : CH 
to C(OH)(CeHj) 


The dye-stuffs formed in the action of acetic anhydride and zinc 
chloride upon phenols, such as phenaceteln, rcsacetem, and orcacetem, 
are also to be regarded as benzo-pyranols (B. 34 , 1189, 2368; 86, 1799; 
36 , 1941, 3607; 37 , 354, 1791; 39 , 850). 

C0H4.CO 

Biphenyl methalolide, 1 I , the lactone of o-hydroxydiphcnyl- 

CeH^o 

o-carboxylic acid, is to be regarded as dibenzo-a-pyrone. 

From benzo- and dibenzo-y-pyrone a large number of yellow vege- 
table dyes are derived (Kostanecki), some of which, like the simple 
7-pyrones, form salt-hke compounds with acids. 

y-Benzopyrone, fundamental body of 

this group has been termed chromone,"' while the ^-phenyl benzo- 
pyrone found in many yellow vegetable dyes has been called 
flavone.** Chromone and fiavone are produced: 

(1) From their a-carboxylic acids, obtained by condensing plienoxy- 
fumaric acids by means of sulphuric acid (C. 1900, II. 965; 1901, I. 
1609; II. 1052); 


CflHfiOC 


/QOOll 

XCHCOOH 


f O— -CCOOH 
® HcO-€H 


Chiromoiic. 


(2) o-Hydroxybenzoyl-; 3 -kctones and e-hydroxybenzoylpyroracemic 
acid esters yield /i?-alkyl- or aryl-chromones and chromone- /^carboxylic 
acids respectively: 



OH 

COCHjjCOCH, 


/ 0--CCI I, r OH ( O— CCOOH 

{ .. ; ►CeHJ 

ICO.CH ICOCHjCOCOOR ICO.CII 


(3) Flavones also result from treating benzylidene-o-hydroxyaccto- 
phenone dibromidcs with alkali : 


/OCOCH, 

® * \CO . CHiir . CUBrCeHj' 


/O — C.Cc 


Substituted benzylidene-o-hydroxyacelophenones condense, either 
during their synthesis or on treatment with HCl, to dihydroflavones 
or flavanones: 


rOH „ fO- -CHC.HjdCH,), 

; CHC,nj(OCII,), CH, 

3-Elhoxy-3',4'>dimetboxy>flavain>De. 
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With N2O3, these flavanones yield isonitroso-compounds, decom- 
posed by hydrolysis into hydroxylamine and flavonols. In this way 
fisetin, quercetin, etc., have been synthesized: 

►HOC,H, 

On treating with bromine and alkali many substituted benzyli- 
dene-o-hydroxy-acetophenones pass into flavones (B. 33 » 1478) ; other 
benzal-o-hydroxy-acetophenones, on treating their dibromides with 
alkali, do not yield flavones, but the isomeric henzylidene coumaranones, 

: CHCgHs (B. 32 , 309). On the other hand, the dibromides 

of the benzylidene coumarones can be converted by the action of 
alkali under certain conditions into flavonols (B. 41 , 4233). 

By heating with alkali the flavones are first split up into o-hydroxy- 

phenyl-/ 3 -dikctoneslike , which then split up further 

in two directions, forming acetophenone and o-hydroxybcnzoic acid, or 
o-hydroxy-acetophenone and benzoic acid (B. 33 , 330). The hydroxy- 
flavones and hydroxyflavonols, many of which have been synthesized 
(B. 38 , 2177), mostly give a yellow coloration to china clay mordants 
(B. 39 , 80 ). 

Benzo-y-pyrone, Chromone^ C3H4[C3H202], m.p. 59°, is obtained by 
heating its //-carboxylic acid, m.p. 251® with dec., resulting from 
phenoxy-fumaric acid with concentrated H2SO4, or from (?-hydroxy- 
benzoyl pyro-racemic ester with HCl (see above). i^-Methyl-cbromone, 
m.p. 71°, from o-methoxy-benzoyl acetone with HI by method 2; by 
the same method hydroxy-chromones have been prepared (for list 
see B. 35 , 2890). • 

Flavone, //-Phenyl-benzo-y-pyrone, m.p. 97°, is 

obtained from bcnzylidene-o-acetoxy-acetophenone dibromide or from 
o-hydroxy-benzoyl-acetone. Chrysin, i,ydihydroxyflavone, (OH2)[i,3]- 
C3H2[C302H(C6H5)], m.p. 275°, occurring in the buds of various kinds 
of poplar, has been obtained synthetically from the condensation 
product of pliloracetophenone-trimethyl ether, benzoic ester and 
NaOCgHg, by boiling with HI ’(B. 32 , 2448; 37 , 3167). Apigenin, 
x,ZA'-^ioxyflavo 7 ie, (0H)2[i,3lCeH2[C302H(C3H4[4']0H)], m.p. 347®. 
is found in the form of the glucoside api'in in parsley and celery; 
synthetically it is prepared from the condensation product of phlor- 
acetophenone-trimethyl ether and anisic acid ester (B. 33 , 1988, 2334; 
38 , 931; A. 318 , 121). Luteolin, ,^^-ietraoxy^avone, (OH)2Li,3]- 
CgH 2[C302H.C3H3[3',4'](0H)2], m.p. 329°, the yellow dyestuff of 
mignonette. Reseda luteola, has been obtained by the condensation of 
phloracetophenone-trimethyl ether with veratric acid ester (B. 33 , 
3410; 34 , 1449; ^^9 2625). The following dyestufis are derived from 

flavonol, yellow needles, m.p. 170®, pre- 

pared by the hydrolytic disintegration of the iso-nitroso-compound 

{ Q CH G H 

. ' * m.p. 76“. The latter is obtained 


/'0-CHCVla(0Cll3)a 
ICO.C: (NOliJ 


(O—a 

Ico.ci 


O— CC,II,(OCHa), 
CO.qOH) 


rO— CCgHjCOH), 

lCO.C(OH) 

Fisetin. 
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by boiling o-hydroxybenzylideneacetone with HCl (B. 87 , 2819). 
Galangiu, j,'^~dihydroxy-flavonol, is contained in the galanga root. For 
synthesis sec B. 37 , 2803. 

Fisetin, and Quercetin, (ho),[i,3]- 

former of these dyes is obtained from 

the wood of RJms cotinus and of Quebracho Colorado (B. 29 , R. 853) ; 
and the latter from quercitrin, the glucosidc of the bark of Qucrctis 
iinctoria, from the blossoms of horse-chestnut, and from onion peel 
(B. 29 , R. 779). The above formultX have been deduced from their 
fission products and their syntheses (B. 37 , 1402 ; 38, 3587). Kaempferol, 
{i^ZA'llr^hdroxy-flavonoh (H0)o[i,3]C6H,[C302(0H) .CeH^UJOH)], is 
a constituent of the galanga root, and is also found as the rhamno- 
side Kdmpferitin, C27H3oOj4, in Java indigo (C. 1907, I. 1439), and as 
a glucoside, robinin, in the leaves of Rohinia pseudacacia (C. 1909, 
II. 2082; synthesis, B. 37 , 2096; compare C. 1900, II. 1273). Morin, 
fd^'ytetrahydroxy-flavonolt ixovciMorus tinctoria, has been obtained 
synthetically from the condensation product of 2,4-dimethoxy- 
benzaldehyde with phloracetophenonc dimethyl ether (B. 39 , 625). 
Myricetin, Ci^HjoOg, is a yellow dye 

contained in the bark of Myrica nagi (C. 1902, 1. 815). On further 
j^ellow compounds, probably belonging to this group, like vitexin from 
Vitex littoralis, scoparin from gorse, Spartium scopariuniy etc., see C. 
1898, 1 . 851; 1899, I. 127; II. 126; 1901, II. 1078. 

‘The Xanthones yellow) or diphenylene ketone oxides are 

dibenzopyrones. They can also be viewed as keto-derivatives of 
Xanthene, or methylenediphenylene oxide (B. 26 , 72) : 



O 

The xanthones possess a chromogenic nature. They are allied to 
thioxanthones, the acridones, and thiodiphenylamines. Generally 
they are formed (i) by condensing salicylic acid with phenols through 
the agency of sulphuric acid, acetic anhydride, etc. (B. 21 , 502; 34 , 
4136; C. 1903, II. 292): 

Resorcinol. Salicylic Acid. Oxvx inthoue. 


A. 


(2) From aryl-salicylic acids by elimination of water (B. 38 , 2111; 
365 , 359 ): 


/COOH 




» 

(3) Xanthones are also formed by the distillation of the ortho-phos- 
phoric acid ester of phenols with potassiym carbonate (C. 1903, 1 . 1266). 

Xanthene, Methylene diphenylene oxide CjgHioO, melting at 99*^ 
and boiling at 312", is produced by the reduction of xanthone and 
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hydroxyxanthones. o-Dihydroxybenzophenone is formed when it is 
fused with caustic potash. 44'-Dimetbyl-xanthene, a-pyrocresol, m.p. 
196”, is found in coal-tar (M. 31 , 897). 7-Phenylxanthene, m.p. 145°, by 
reduction of plicnyl-xanthenol (see below) ; 7,7-diphenyl-xanthene, m.p. 
200°, from o-phenoxy-triphcnyl-carbinol by elimination of water (B. 
37 , 2367). Tetramethyldiaminoxanthene, Tetramethyldiaminodiphenyl 
methane oxide, (CH3)2NCell3<^Q2;>C6H3N(CH3)2, melting at 116®, 
obtained by the action of sulphuric acid upon tetramethyldiamino- 
dihydroxydiphenylmethane, the leuco-base of the dye p3Tonin (sec 

below) (B. 27,3303). Dinaphthoxanthene, CioTJ6< q’'>CioH 8, melting 
at 199°, results upon condensing formic aldehyde with ^-naphthol 
(B. 26 , 84). 

Octo-hydro-xanthene-dione, CHgCCgHgOloO, m.p. 163°, is formed 
from methylene bishy droresorcin with acetic anhydride (A. 309 , 348). 

Xanthydrol, is formed in the careful 

reduction of xanthone. It is a substance which changes quite readily. 
Like benzohydrol it shows a great tendency to split off water and pass 
into its ether — ^xanthydrol ether, (Ci3ll90)oO, melting at 200° (B. 26 , 
1276; compare also B. 28 , 2310). 

Dinaphtho-xanthydrol, HOCH(CjoH^)20. is found among the pro- 
ducts of the action of chloroform and alkali upon /i-naphthol (C. 1902, 

II. 124; A. 376 , 195). 7-Phenyl.xanthenol, 

m.p. 158°, from xanthone and C^HgMgBr. 

Xanthydrol, dinaphtho-xanthydrol, and still more phenyl-xan- 
thenol, show the same abnormally high mobility of the hydroxyl group 
as triphenyl carbinol. The OH-group is easily replaced by Cl and IV- 
The chlorides and bromides thus produced arc colourless in the solid 
condition, and correspond to the colourless triphen^dchloromethanc. 
They combine with excess of mineral acids or metal haloids to form 
intensely coloured double sidts. As in the case of triphenyl carbinol, 
the sulphates and perchlorates of the xanthydrols are coloured even 
in the solid state. These compounds may have a quinoid constitution 
analogous to that of the coloured modification of triphenylchloro- 
methane (A. 370 , 142; 376 , 183; C. 1911, 11 . 1149; with regard to an 
interpretation of these compounds as oxonium salts, see A. 364 , i). 

The fluoranes, fluorones, and fiaorimes are related to the xanthones 
(B. 25 , 2119; 27 , 2887): 

Cell 

Fluoran. F'luoroucs, Fliionmcs. 

These are the parent-substances of the fluorescein dyes (II. 
599). Pyronine, (CH3)8N.C3ils<^^/CeH5N(Cii3)jCi, belongs to the 
fluorines. It is produced by the exit of water from, and the oxidation 


4— CO 

I 

o 


R 


O : NH ; 
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of, dihydroxytetramethyldiaminodiplicnylmethajie. The leuco-com- 
pound of pyronine is 2,7-Tetram6thyldiaminoxanthene, melting at 
116°. Pyronine may be oxidized in alkaline solution to tetramethyl- 
diaminoxanthone* melting at 241°. Pyronine colours silk and 
imparts a beautiful rose-colour to cotton (B. 27 , 2896, 3304; 29 , 
R. 1129). 

For further fluorone and fluorime derivatives, see A. 299 , 358; 
372 , 350; B. 31 , 143, 266; C. 1904, II. 1143. 

Xanthone, Diphenylene ketone oxide, CigHgOa, melting at 174® 
and boiling at 250"", is produced from salicylic phenyl ether or phenyl- 
salicylic acid by the action of concentrated sulphuric acid from 0- 
diaminobenzophenone with nitrous acid (B. 27 , 3363); and when 
fluorane and hydrofluoranic acid are distilled with lime (B. 25 , 2119). 
It does not unite with hydroxylamine or phenylhydrazine. It forms 
dihydroxy-benzophenone on careful fusion with KOH. 

Just as benzophenone yields tetraphenylethylenc, so xanthone is 
converted by zinc dust, hydrocliloric acid, and acetic acid into tetra- 
phenylene-ethylene dioxide, 0[CgH4]2C: C[CgH4]20, melting at 315® 
(B. 28 , 2311). 

Like the flavones (B. 33 , 1483), the xanthones do not react direct 
with hydroxylamine and phenylhydrazine, but o-dioxy-benzophenone 
and aniline give xanthone anil, 0(CgH4)2C:NCgn^, m.p. 134°, which is 
converted by SHg into xanthione, 0(C<.H4)2CS, m.p. 156°. The latter 
with hydroxylamine and phenylhydrazine yields xanthoxime, 0(CgHj2- 
C: NOH, m.p. 161°, and xanthone-phcnylh3^drazone, m.p. 152® (B. 32 , 
1688). 

Hydroxyxanthones, Ci3H7(0H)02. — The four possible isomerides 
have been prepared by condensing salicylic acid with resorcinol, 
hydroquinone, and pyrocatechol (B. 25 , 1652; 26 , 71). 

^ Euxanthone, 2,3'-Dihydroxyxanthone, HOCeHa<^>CeH,OH, con- 
sists of yellow needles melting at 237° and subliming. It occurs free 
and in combination with glycuroiiic acid (Vol. I.) as euxanthinic 
acid in Indian yellow. It has been synthetically produced by the 
action of acetic anhydride upon two molecules of jJ-resorcylic acid and 
hydroquinone carboxylic acid (B. 24 , 3982; 27 , 1989; 33 , 3360; A. 254 , 
265; 350 , 108). 

4,4'-Dihydroxyxaiithone results on heating 0, /^-tetrahydroxybenzo- 
phenone, a decomposition product of fluorescein chloride in the alkali 
fusion. It consists of colourless needles. Its alkaline solutions show 
a deep violet-blue fluorescence (B. 30 , 969). 2,2'-Dihydroxyxanthone 
(see A. 372 , 131); 3,3'-dil^droxyxanthone (A. 372 , 139). 2,4,3'-Tri- 
hydroxyxanthone, Oentisein, Ci3H7(0H)302(+2H20), melting at 3I5^ 
is obtained S 3 mthetically from hydroquinone carboxylic acid and 
pliloroglucin. It dyes mordanted cotton a bright yellow. Gentisin 
(B. 27 , 190; 29 , R. 221), occurring in the root of Gentiana lutea, is its 
monomethyl ether. Compare B. 48 , 2825, etc., for the dinaphtho- 
xanthones, phenonaphthoxanthones, etc. 

Substances with a combined anthracene and xanthene ring are 
called cceroxenes. They have been obtained either after the manner 
of the anthraquinone syntheses by treating fluoranes with fuming 
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sulphuric acid, or from a-phenoxyanthraquinones by means of con- 
centrated HjS04 (A. 848 , 210; 356 , 317) : 

C.H, — C C.H, C.H,— C(OH)— C.H,^ C,H,— CO C,H, 

CO.O^C.Hj.O ^CO C,H, — 6 CO C.H,— 6 

Fluoran. Coeroxonol. a-Phcnoxyanthraquinonc. 


An important derivative 

CeH^.C — CoIla( : 0)(01I) 


of coe'roxonol is coeralein» 
, an olive-green, light-resisting cotton dye 


CO— C«H{OH)a.O 
obtained by treating gallein with concentrated H0SO4, 


2 . SIX-MEMBKRED RINGS CONTAINING ONE S-MEMBER. 


Six-membered rings containing sulphur as the hetero-atom are present 

(y) 


in the derivatives of hypothetical penthiophen, 


^CH 


cim 

11 

CH(a) 


a ring-homologue of tliiophen. They are, however, not very numerous. 

i?-Methylpenthiophen, €5115(011.^)3, is an oil boiling at 134°, with 
sp. gr. 0*994 (19''). It is produced from a-methyl glutaric acid by the 
action of P2S3, similarly to the formation of thiophen from succinic 
acid (p. 21) (B. 19 , 3266): 


/CH(CH3)-C0,H 

2\CH2 COJI 

a-Muthylglutaric Acid. 


- cn/ 

/3-Methylpen thiophen. 


It is coloured the same as the thiophens by isatin or penanthra- 
quinone and sulphuric acid. It is more unstable than the thiophens, 
and is destroyed completely by very dilute potassium permanganate. 
Acetyl chloride and AUCl« convert it into acetylmethylpentbiophen, 
C5H4(C0CH3)(CH3)S, boiling at 235". 

Derivatives of y-thio-pyrone (y-keto-penthiophen) are probably 
found in the products of the action of CS.^ and caustic potash upon 
ketones of the type RCHaCOCHgR (B. 38 , 2888; 43 , 1259). 

Dibenzo - derivatives of penthiophen are represented by the sul- 
phurated analogues of the xanthenes and xanthones known as thio- 
xanthene and thioxanthone. The thioxanthoncs are obtained by the 
following methods : 

(1) From phenyl-thio-salicylic acids with cone. H.2SO4 or acetic 
anhydride. 

(2) By the condensation of thiosalicylic acid or dithiosalicylic acid 
^th benzol carbohydrates, halogenbenzenes, and phenols with cone. 
H2SO4 (C. 1910, 11 . 1227; 1911, 11. 1036): 


C.H. 


->C 


.».o 


C0H4. 


(3) Gallic acid, treated witU cone. H2SO4, combines with thiophenols 
to form trihydroxythioxanthones (B. 44 , 2146). 
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CH 

Thioxanthene or methylene diphenylene sulphide, CoH4< 

melting at 128° and boiling at 340°, is obtained pyrogenically from 
phenyl-tolyl sulphide, and by reducing its ketone with hydriodic acid 
and phosphorus. 

Thioxanthydrol, m.p. 97°, by reduction of 

thioxanthone with Zn dust and alkali (B. 42, 1135). Phenyl-thio- 
xanthenol, m.p. 106°, from thioxanthone 

and CgHgMgBr (A. 376, 201). 

Thioxanthone, henzophenone sulphide, CigHgOS -- CoH4<^^>C8H4, 
melting at 207° and boiling at 340°, is isomeric with xanthione. It is 
formed from thiophenylsalicylic acid (A. 263, i). Also by the con- 
densation of thiosalicylic acid and benzene with concentrated HgSO^. 

Its oxidation produces benzophenone-sulphone, C6H4< Ceiii, m.p. 
187”, which is also obtained from diphenyl sulphone-o-carboxylic 
acid with con. H2SO4 (B. 38, 735; C. 1905, I. 1395) and by the 
oxidation of diphenyl-methane-sulphone, CH2(C(.Jl4)pSOo, m.p. 170°, 
which results from diphenyl methane when treated with chloro-sul- 
phonic acid (C. 1898, 11. 347). On tetramethyldiaminodipJienylmcthane 
sulphonc, and -henzophenone sulphonc, see B. 33, 965. Further deriva- 
tives of thioxanthone, see B. 42, 3046; 43, 584; C. 1910, II. 1227; 
1911, II. 1036. 

The dye thio-pyronine, (Cii3)2NCeH3<^^^^^)Ctti I3. n [C i r3)2Ac, correspond- 
ing to pyronine, results from treating tetramethyldiaminodiphcnyl 
methane with a solution of sulphur in fuming sulphuric acid. Its 
oxidation produces tetramethyldiaminothioxanthone, COLCgH^N - 
(eH3)2]2S, m.p. 2SS° (J. pr. Ch. [2], 65, 499). 


3. SIX-MEMBERED RINGS CONTAINING AN N-MEMBER. 

I. Pyridine Group. 

Pyridine, C5H5N, is the parent substance of many vegetable alkaloids. 
Its compounds, like those of benzene, show great stability towards 
oxidizing agents, inasmuch as those having side-chains — e.g., the alkyl 
pyridines, C5H4(CH3)N, C5H.,(CH3)2N, etc. — are converted on oxidation, 
like the alkyl benzenes, into acids, the pyridine nud niis pot be ing 
attacked - As in the case of the aromatic^rivatives, this Denaviour 
is assumed to be due to the existence of a six-membered ring, con- 
sisting of five carbon atoms and one nitrogen atom, similar to the six- 
membered benzene ring. Pyridine is the hydrogen derivative of this 
ring: it is benzene in which one CH- or methine.group is replaced, fey: a 
uitrogWMatom. " 

The following stnictural formulce have been proposed for pyridine: 
(i) the formula of Keener; (2) the formula of Ri^el. They differ in 
that ijpt Kdmer's foiimila the nitrogen ^tom is linked to 
atoms, while in that of Riedel it is combined with oarbouvatoins. 
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To J;li^ fprmida (3) of Bamberger and v. Pcchmann is added. 
Ills a c^utVijifbfinu^ (B. 3151), for which there are no e:Jcf)et*imenf al 

proofs: 


P H 

a K 



\ 

CH 


^n/ 



111 

/ \ 

/ 1 \ 

/3 HC CH /?» 

IIC\ /CH 

II II 

1 1 

0 HC CH o' 

HC/ \C !1 

\ N / 

\ \r / 


To determine whether pyridine contained an N-atom in union with 
two or three carbon atoms, Kekiile* arranged a series of experiments 
based on the following considerations: Assuming that in the pyridine 
Formulas I. and II. the a-hydrogen atoms are replaced by two hydroxyl 
groups, the connection between the nitrogen and the carbon atom now 
carrying oxygen will be less intimate. < This becomes evident if we 
imagine that the groups have rearranged themselves into the keto- 
form: 


HC^ ^CH 

I I) 

Hoa yCCJi 


I I 


UC' 

■;cH 

H,C/ 1 ^CK. 

)j « « • 

HOC. 1 .coil 

\ ’7 / 

CCL .CO 


The ordinary mode of writing pyridine obscures the connection of 
these pyridine derivatives with the aliphatic bodies, the derivatives of 
which tliey may be considered. This relation is more evident from 
the following representations: 



It becomes at once plain that Formula I2 represents a glutaconic 
acid derivative — the imidc of glutaconic acid; while Fomiula IL is a 
/ 9 -aminoglutaric acid derivative — an inner imide of i?-aminoglutaric 
acid. According to Formula IL the inner imide of / 5 -aminoglutaric 
acid would have a constitution similar to that suggested by Kekule for 
furarimide, and as the latter is supposed to be prepared from ammo- 
nium inalate, Kekule began with P-hydroxyglutariQ,acid, and attempted 
by heating its ammonium salt to prepare liomofumarimide, but without 
result. Again, he sought to pass from P-hydroxyglutaric acid diamide 
( 4-2H2O), from gluiaconamic acid and glutacondiamide, to pyridine. In 
fact, these three substances, when acted upon with concentrated 
sulphuric acid, yield glutaconimide or dihydroxypyridinc of Formula I2. 

B. 23 , 1265. and private communications. 
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The presence of the -imido-group was proved by converting the 
sodium compound of glutoconimide into methyl glutaconimide, from 
which hydriodic acid liberates methylamine, and by the preparation 
of nitrosoglutaconimide. The decomposition of glutaconimide gave 
glutaconic acid. The objection that here /3-aminoglutaric acid was 
first produced in conformity with Formula Ilg, and that from this 
glutaconic acid arose through the elimination of ammonia, is contra- 
dicted by the behaviour of the ^ff-aminoglutaric acid, which, under 
like conditions, does not yield glutaconic acid. The /^-aminoglutaric 
acid, too, yielded no glutaconimide, or any amount of an isomeric body ; 
the ring-formation failed. 

The connection of glutaconimide with pyridine, which results from 
the distillation of the former with zinc dust, Kekul^ demonstrated by 
converting glutaconimide with PCI5 into pentachlorpyridine, identical 
with an andogous body obtained from pyridine. 

With these facts as bases, Kekule held it as highly improbable that 
the nitrogen of pyridine was joined to the three carbon atoms a, a^, 7, 
as required by ifeedel's formula, whereas the Kdrner formula is in 
complete harmony with the experimental results, and is supported by 
them. 

The centric formula of pyridine, in which the ** central linkages '' 
are in unstable equilibrium, permits of many transitions and changes 
without displacement of the double linkage, and therefore isolates 
pyridine from compounds like glutaconic acid and glutaconimide, 
which bear close genetic relations to pyridine. 

The production of pyridine from piperidine (hcxahydropyridinii or 
pentamethyleneimine) is important in determining its constitution. 
It results upon heating HCl-pentamethylenediamine or 5-chlor amyl- 
amine (Vol. I.) : 








The same may be said of quinoline and isoquinoline, benzopyridines 
which have been obtained synthetically: 


CH =CH— c— CH = CH COOH . C— CH - CH CH— CH - CH 

I II I > II \ B^ll I 

CH=CH— C N=CH COOH.C ^N--CH CH N^CII 

Quinoline. Pyridine^car boxy lie Acid. Pyridine. 


Pyridine and a series of its homologues are produced in the dry 
distillation of nitrogenous carbon compounds, hence they are present 
in coal-tar, in the tar from shales, in that from peat (very little), and 
in bone-oil. Compare B. 30, 224, for the occurrence of pyridine in 
fusel oil. 

Anderson (1846) isolated the first pyridine bases from bone-oil. 
These were more exhaustively investigated in 1879 and in the years 
following by Weidel and his students; also by Ladenburg and 
others. 

Their presence in bone-oil is due to the reaction between fats 
(glycerol esters) and substances contjyning ammonia (albumin, etc.), 
the acrolein arising from the first probably condensing with the 
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ammonia to pyridines (see synthetic method i). Bone-glue, free from 
^fats, does not yield pyridine bases, but mainly pyrroles (p. 27) (B. 18 > 
83). At present the pyridine bases are obtained chiefly from coal- 
tar (A. 247 , i). They are found in the acid used for the purifying of 
the tar. They can easily be isolated from it in the form of the ' ' pyridine- 
base mixture,** which at present is employed in Germany for the 
" denaturation ** of spirit. 

v/ Synthetic Methods for the Production of Pyridine Derivatives : 

I. Alkylpyridines are formed on heating aldehyde ammonias alone 
or with aldehydes and ketones (A. 59 , 298; 166 , 310; B. 23 , 685; 
C. 1906, I. 1438, etc.) : 

CHj.CHO.NHg + 3CH,.CH0= CjH8(CH,)(CjH6)N, + 4 H 8 O. 

a*Methyl-/3‘ethylpyridino 
(Aldehyde Collidine). 


In this reaction evidently several aldehyde molecules condense to 
unsaturated aldehydes, with long carbon chains, which in turn con- 
dense with ammonia, forming rings. fi-Picoline can also be made 
by heating glycerol with P2O5 and ammoniacal substances — e.g., 
acetamide, or, better, ammonium phosphate (B. 24 , 1676), when 
pyrazines and homologous pyridines are produced as by-products (see 
these). 

ma; 2. A method frequently pursued in synthesizing pyridine derivatives 
consists in the condensation of fi-diketo-compounds with aldehydes and 
ammonia (pyridine syntheses of Hantzsch) : 

Example A . — Acetoacetic ester(2 mols.), acetaldehyde, and ammonia 
(or aldehyde ammonia) yield dihydrocollidine dicarhoxylic ester or a,a*,y- 
trimethyldihydropyridine dicarboxylic ester, which, by the withdrawal 
of two hydrogen atoms, may be easily converted into its corresponding 
pyridine derivative (A. 216 , i; B. 18 , 2579): • 


COjR.CH 

CHj.CO 


CH, 



CH, 

CH.XO.R C0,R.C— CH— C.CO.R 

I II II 

CO.CH, CHj.C— NH— C.CH, 

Dihydrocollidinedicarboxylic lister. 


The acetaldehyde can be replaced by its homologues, by formic 
aldehyde or benzidehyde (B. 29 , R. 842), and the second molecule of 
acetoacetic ester by the 1,3-diketones — e.g,, acetyl acetone, benzoyl 
acetone, etc. (B. 24 , 1669). In the preceding reaction it may be 
assumed that the ajdeJiysiii^aoidL..ac^ first combine to 

ethylidene diacetoacetic CH3 . CH[CH(COaR) . COCHgJa. This is a 
1,5 -dik eton^^ with amiijpnia to a py,ri(Jw wg, 

just as i,4^ketones and arrquonia form pyriaks. It ja^ceinarkable 
tKa^fTn the Veplacem^ of ammonia by primarjr or secondary amines 
^lEi,jVaction stop^ of alkyliderie diacetoiaPetic esters, 

which are prepared by this method (compare B. 31 , 738). It is also 
important for the explanation of the reaction that dihydrocollidine 
dicarboxylic ester is produced in excellent yield in the condensation 
of ethylidene acetoacetic ester and /?-aminocrotonic acid ester, the 
latter attaching itself to the unsaturated linkage of the former, 
VOL. Ill, U 
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with consequent ring-formation (B. 24 , 1667; 81 , 761; 86, 2172; 

44,489). ^ • 

Furthermore, pyridine derivatives are easily obtained by condensing 
hydroxymethylene acetoacetic esters with jS-aminocrotonic esters(B. 26 , 
2734), or, in general, if NH3 be allowed to act upon 1,5-diketones of 
— COv 

>C CO— 

the constitution, , which are prepared by condensing 

^CH — CO — 

—ccr 

ethoxymethylene acetoacetic ester and analogously constituted com- 
pounds with /?-ketonic esters or 1,3-diketones (B. 28 , R. 491; A. 297 , 
12; B. 36 , 2180): 


-CO— C- 


-CO- 


HC<^ 

--CO— CH— CO— 


+ NH« 


-CO-C— C 
-> HC<^ 

— CO— C-C 


>• 


. .... 

Similarly, malonic ester and / 3 -aminocrotonic acid ester give rise 

to a,7'-dihydroxypicolinic ester, and malonic ester and acetylacetone- 
imine to hydroxylutidine carboxylic ester (B. 35 , 2390) : 


ROCO 

ROCOCH, 


HoNXCH, 


(HO)C=:^f CCHa 


, (CHgjCOCH ROCOC -C(CH3)— CH 

Here we must also place the formation of y-hydroxypyridines by 
the condensation of dinitriles (Vol. I.) with ^-ketonic acid esters by 
means of gaseous HCl (J. pr. Ch. [2], 70 , 360): 


CH3C0 


Ih. 


COOR 


H2NX.CH3 

I! 

CHXN 


CHX“- “N- 


-XCH* 


CH - C{OH)— CXN 


Example B. — ay-Dimethylpyndine-i^-carboxylic ester forms upon 
digesting acetoacetic ester (i mol.) with acetaldehyde {2 mols.) and 
ammonia: 


CH« 

:ic 


HCO 


CH, 

oin 

NH, 


CH, 


CHj.COjR- 

io.i 


->CH = 


C.CO.R 


• CH, 


CH.-N— C.CH, 


(+ 3H,0 + 2H). 


The mechanism of this reaction is probably similar to that in 
Example A. The dihydro-product formed at first is probably oxidized 
by the excess aldehyde to the corresponding pyridine. This reaction 
can also be varied by the use of different aldehydes. 

3. 1,5-Diketones, the keto-groups of which are combined with 
phenyl residues (1,3-dibenzoyl paraffins), yield pyridines when acted 
upon with hydroxylamine (A. 281 , 36) : 


c,h,ch/ 


CH(C,H,)— CO.C.H, 


\CH(C,H,)— CO.C.H, 
Benzamarone. 


+ NH„OH=X, 


/C(C,H,)=orc,H, 

)n + 3H,o. 
N:(c,h,)— c^,H, 

Peataphcnylpyridiiie. 
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'Tyridines are also produced by the dry distillation of certain oximes 
of diolefine monoketones (B. 28 , 1726; 29 , 613) : 


CH CH=CH' 

II I 

C,H,CH HON^-C.CH, 

Cinnamcnylidencacetoxiinc. 


CH— CH== CH 
> II 1 

C,II.C ^CCH, 

a,a^-Fhexiylmethylpyndine. 


Both CeH5CH:CH.CH:CHX(NOH)CeH4CH3 and CHaCeH^CH:- 
CH.CH:CH.C(NOH)CgH5 yield the same a-phenyl-ai-tolyl-pyridine, a 
proof of the identity of the a- and a^-position and the symmetrical 
structure of pyridine (B. 36, 845). 

4. The arylamine derivatives of glutaconic aldehydes and their 
derivatives, on heating their hydrochlorides or on boiling with HCl, 
split off I mol. arylamine and yield A^-arylpyridinium chlorides (A. 333, 
328; B. 38, 1650, 4122) : 

CH=CH— CH=NC\H5.HCI CH=CH--CH 

CH CH .NHCJIg ^ CH CH— N(CeH5)Cl. 


Compare also the formation of /?-chloro-pyridine from a-chloro-gluta- 
conic aldehyde and NH3 (B. 38, 1651). 

5. Pyridines are produced by oxidizing the synthetic hexahydro- 
pyridines, piperidines, or pentamethylencimines with sulphuric acid 
or silver acetate (B. 25, 1621): 

I I >1 I, 

CH,— CIT,— NH, CH,-CI1,-~NH CH -.CH— N 

fi-Broiriaraylarnine. Piperidine. Pyridine, 


6. Hydroxypyridine derivatives (pyridones) result from the action 
of ammonia upon the pyronc compounds; the linking oxygen atom of 
the pyrones is replaced by the NH-group. 

7. a,ai-Dihydroxypyridines, which can also be regarded as imides of 
glutaconic acid and its homologues, are obtained from glutaconamic 
acid, etc., by a ring-formation; similarly, citrazinic acid, dihydroxy- 
pyridine carboxylic acid, is prepared by the action of ammonia upon 
aconitic ester; also from citramide. 

^>"8. Further, glutaconimide derivatives may be made synthetically 
by condensing acetoacetic esters and cyanacetic ester with ammonia 
or primary amines (B. 29, R. 654; C. 1897, I. 927; 1899, II. 118; 1905, 
II. 681): 

CH, CH, 

RCH .CO HaC .CN > RCH— C=- CCN. 

OCOC.H, NHjCjHjO.CO OC NH— CO 

Similarly, a-pyridones are obtained by condensing ^-aminoketones 
— e.g., diacetonamine, CH3.CO.CH2.C(CH3)2NH2, or acetylacetona- 
mine, CH3.CO.CH: C(CH3)NH2, with cyanacetic ester (B. 26, R. 943; 
C. 1905, II. 336) ; or )9-aminocrotonic acid ester with alkylidene malonic 
acid asters (B. 31 , 761). • 

9. The synthesis of a,y-dihydroxypyridines can be brought about 
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by the action of sodium alcoholate upon /7-acetaminocarboxylic esters 
(C. 1899, II. 462) : 

CH— COOR CH, CH— C(OH) = CH 

CHjC NH— CO ^ CH3C N- C(OH) 

^-Acetamino-crotonic Ester. a,y-Djhytlroxypicoline. 

10. The formatiort of /?-chloro- and i5-bromopyridine from pyrrole 
on heating with CCI3H or CBrgH and NaOCgHg is of interest. CH2I2 
produces pyridine, and CgHgCHCh i?-phenylpyridine (B. 20, 191). 

11. AT’- and a-alkylpyrroles, on conducting their vapours through 
tubes at low incandescence, or on heating with HCl, yield pyridines; 
N- and a-methyl pyrrole yield pyridine, and A/’ benzylpyrrole )?-phenyl 
pyridine (B. 19, 2196; 38, 1946). 

Behaviour . — ^The pyridine bases are colourless liquids with a peculiar 
odour. Pyridine is miscible with water. The solubility of the higher 
members grows rapidly less. Frequently they are more soluble in cold 
than in hot water. 

1. Salts.— platinum double salts of the formula (C5H5N . HC1)2- 
PtCl4 lose two molecules of hydrochloric acid upon prolonged boiling 
and form (C5H3N)2PtCl4 (see pyrazoles). The pyridines form addition 
compounds with many inorganic salts. ; These, with HgCl2 and AuCl^, 
are characteristic and serve for the separation of the individual bases 
(A. 247, i; compare C. 1897, TI. 129, 311). 

2. Alkyl iodides and pyridines form alkylpyridinium iodides. Like 
alkyl-iodide, the pyridines also add chloracetic acid and its hoinologiuiS 
to form pyridine betaines (C. 1911, 1. 494) ; also acid chlorides, cyanogen 
bromide, 2,4-dinitro-chloro-benzene, etc. By substituents in the aoj- 
position the formation of pyridinium salts is either hindered or made 
impossible (C. 1905, I. 381). 

On treating the alkylpyridinium iodides with NaHO, the strongly 
basic pyridinium hydroxides first formed transform themselves into the 
isomeric a-hydroxydihydro-pyridincs, also rather unstable, and these 
are oxidized by potassium fcrricyanide to N-alkyl-a-pyridoncs (J. pr. 
Ch. [2], 84, 219) : 

HC^CH-Cn ^ HC=CH— CH(OH) HC-CH— CO 

HC =CH— NR(OH) ^ HC =CH— NR HC =CH— NR 

The dinitrophenylpyridinium chloride obtained by the combina- 
tion of pyridine with dinitrochlorobenzene is split up by treatment with 
alkali or with various primary or secondary amines to intensely coloured 
derivatives of glutaconic aldehyde or its tautonicric forms (A. 830, 
361; 841, 365; J- pr. Ch. [2], 82, i): 

CH : CH .CH : NCgHg o,HaNn ,CH ; CH .CH Naoii ^ CH : CH .CHO 

CH ; CH . NHC.Hs.HCl" CH : CH . N<(c ‘ h3(NO • NHC,H,(NO,), 

Similar behaviour is shown by the addition products of cyanogen 
bromide, diphenyl-oxalimide chloride, PCI5, etc., to pyridine (J. pr. 
Ch. [2], 69 , 105; 70, 19; 83, 97, 325). Compare the reversed synthesis 
of pyridine from derivatives of glutaconic aldehyde. 
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J 3. When the alkyl pyridinium iodides are heated to 300° alkyl 
pyridines result, with a migration of the alkyl-group to a- or y-C-atom 
(Ladenburg, B. 17 , 772).' This is analogous to the production of 
homologous anilines from iV-alkyl anilines. 

.y' 4. Methyl groups in the a-position and some in the y-position are 
able, in contrast with the alkyl groups in the /^-position, to condense 
with aldehydes, such as formaldehyde, chloral, benzaldehyde, like the 
aldol condensation. The alkines thus produced often split off water, 
forming unsaturated pyridines {stilbazolene) (B. 34 , 2223) I phthalic acid 
anhydride and imide behave in this respect like aldehyde (B. 38 , 2806). 
V 5. Oxidizing agents — e.g., nitric acid, chromic acid — as a rule do 
not attack the pyridines. All the homologous pyridines, on the other 
hand, and even the phenyl pyridines, are oxidized by potassium per- 
manganate to pyridinecarhoxylic acids, which finally yield pyridine 
upon distillation with lime. 

In this connection it is noteworthy that although the phenyl- and 
i benzyl-pyridines yield pyridinecarbox3dic acids with permanganate in 
‘ acid solution, they arc oxidized mainly to benzoic acid in alkaline 
solution (B. 37 , 1373). 

6. Reducing agents (sodium and alcohol) convert the pyridine bases 
into hexahydropyridines, or piperidines, which can be decomposed by 
various methods into fatty bodies (compare piperidine decompositions). 
The pyridines are reduced to paraffins w’hen heated with hydriodic acid. 
Pyridine yields pentane. 

7. Halogen, nitro-, and s«/^/^o-dcrivatives are prepared with far more 
difficulty from the pyridines than from the benzenes. 

Isomerides, — The isomerism of the derivatives produced by the 
replacement of the hydrogen atoms in p^Tidine can easily be deduced 
from the given structural formulae, and is perfectly analogous to the 
isomerism of the benzene derivatives. Re})rcsenting the five hydrogel 
atoms of the pyridine nucleus, with numbers or letters correspond- 
ing to the diagram: 


3 

CH 


'CU - CH\ 
,CH— c:iTy 
4 5 


N or 




then the positions i and 5, also 2 and 4 (as in benzene), are similar. 
The first may be designated the ortho-, the latter the meta-positions; 
while the position 3, occurring only once, corresponds to the para 
of benzene. From this we conclude that the mono-derivatives of 
pyridine, C5H4(X)N, can exist in three series, wliile six ison\erides 
are possible with the di-derivatives, C5H3(X2)N. This is verified by 
the existence of three methyl-, three propyl- and phenyl- pyridines, 
C^K^{R)N, of three pyridine-mono-carboxylic acids, C5H4(C02H)N, of 
six dicarboxylic acids, etc. The orientation of substituents in pyridine 
derivatives usually follows from their conversion into carboxylic acids 
otpyridine. 

7 Constitution of the Pyridine Monocarboxylic Acids. — The constitution 
01 pyridine-a-carboxylic acid or picolinic acid and pyridine-) 5 -carboxylic 
acid or nicotinic acid is evident from its production in the oxidation 
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of a- and /J-phenylpyridines. These latter bodies have been obtained 
from a- and i?-naphthoquinoline. When these are oxidized, the first 
products are a- and iff-phenylpyridinedicarboxylic acids, which upon 
the loss of 2CO2 become phenylpyridincs. This proof of constitution 
presupposes, therefore, the constitution of a- and / 5 -naphthoquinolines. 
The diagram represents the derivation of the constitution of picolinic 
acid: 



a*Naphthoquinolinc. a-Phenylpyridme- a- Phenyl pyridine. Pyridinc-a-carboxylic 

dic.«boxylic Acid Acid, a-Picolinic Acid. 

The behaviour of the pyridine dicarboxylic acids leads to a simpler 
deduction of the position of their atoms (B. 18 , 2967). Quinolinic acid 
(pyridine dicarboxylic acid), formed by the oxidation of quinoline, has 
the position (1,2), and cinchomcronic acid, from isoquinolinc, has the 
position (2,3). Quinolinic acid loses one molecule of carbon dioxide 
when heated, and forms nicotinic acid, while cinch orneronic acid yields 
nicotinic acid and tsonicotinic acid ; therefore nicotinic acid has COOH 
in the ^-position and tsonicotinic acid in the y. 

Pyridine, CgH^N, boiling at with sp. gr. 1-003 (0°), can be 

prepared from bone oil, and is obtained from all the pyridinecarboxjdic 
acids on distillation with lime. Its hydrochloride, C5H5N.HCI, is 
deliquescent, and with platinum chloride it forms a double salt, 
(C5H5N.HC])2PtCl4, melting at 240®. See B. 29 , R. 295, for pyridine 
mercury compounds. Its iodomcthylaic melts at 117° (B. 29 , R. 994). 

Pyridine combines with several other alkyl haloids, as well as 

? Lcetonvl chloride and plienacyl bromide to form the compounds C4H5N- 
C1)CH;C0CH3 and QHg.NIBrjCHgCOCgHg (C. 1899, I. 116; 1900, 
II. 581). Phosgene unites with 2 inols. pyridine to form carboxyldipy- 
fidinium chloride, [C5H5N(C1)]2C0 (C. 1900, II. 460); on the addition of 
acid chlorides by p3nidine, see B. 26 , R. 54; Gaz. chim. ital. 39 , II. 445. 

/CHj— CO 

Pyridine betaine, I , m.p. 150® with dec., is formed from 

o 

pyridine and chloracetic acid (B. 23 , 2609). On the addition products 
of dinitro- chlorobenzene, cyanogen bromide, etc., with pyridine, and 
their splitting up to derivatives of glutaconic aldehyde, see above. 

Reduced with Na and alcohol, pyridine gives piperidine. Heated 
with HI it gives normal pentane. 

On the product of the addition of sodium bisulphite to pyridine, 
see B. 41 , 1346; 44 , 2939. 

Ji, Homologous Pyridines.— Methylpyridines, C5H4(CH3)N, Picolines 
t (from pix, tar, because they were obtained from coal-tar) : 

I a-PicoUne boils at 130®; its sp. gr. is 0-949 at 15°, and it is oxidized 
f by pfiftSgsmm permanganate to picolinic acid. j^^icoUne boils at 143°; 
I its sp. gr. is 0-901. It is formed when strychnine is distilled (B, 23 , 
1 3555)* and ugipn heating glycerol with P^Q^ and .ammonium phosphate ; 
^ also by heating trimethylenediamins hydrochloride (B. 28 , 2730). 
It 3delds nicotinic acid on oxidation, V rPic^ ine boils at 144®. Its 
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sp. gr. is 0*957 at 15®. It h as also been prepared by heating pyridine 
jodqniethylgtte. It yielcfs isonicotinic acid when it is oxidized, 
"“^Obimethylpyridines, LuHdines, C5(CH3)2H3N.— Bone oil contains 
mainly a a^Lu ti dine, boiling at 142°, with sp. gr. 0*942; a,y-Lutidine, 
boiling “at 157®', with sp. gr. 0*9493; and p.y-Lutidine, boiling at 164° 
(B. 21 , 1006; 29 , 2996), also found in Scottish shale oil. p^^^-Lutidine, 
form the corresponding carboxylic acid, boils at 170° (B. 23 , 1113). 
Found in coal-tar besides a/^j-lutidine, b.p. 160° (B. 37 , 2062). 

a-Ethylpsiridine, C3Hj(C2H5)N, boils at 148°; its sp. gr. is 0*949 at 0°. 
y-Ethylpyridine boils at 165°; its sp. gr. is 0*952 at 0°. These two 
compounds result upon heating pyridine ethyl iodide. / 5 -Ethyl- 
pyridine has been obtained, together with the y-body, from cinchonine 
and brucine on heating with caustic potash. It boils at 166°. 

^Sym. (1,3,5) Trimethylpyridinc, C5H2{CH3)3N, collidine, is obtained 
f:mm synthetic dihydrocollidinc dicarboxylic ester by oxidation, 
saponification, and the elimination of carbon dioxide. It boils at 
172®. a^'y-Collidine, boiling at i65®-i68°, occurs in coal-tar (B. 29 , 
2998). a/?y-Trimethylpyridine, b.p. i85°-i88°, on oxidation gives 
carbocinchomeronic acid (C. 1900, I. 1161). 

a/y'-Methylethylpyridine, €3113(011 i)(C.JI;,)N, has been prepared 
from various aldehyde compounds, hence cdlcd aldehydinc or alde- 
hydccollidinc. It boils at 178®. aa'-Methylethylpyridine, b.p. 160®, 
from methylol-aai-lutidine by reduction (B. 42 , 137). ^y-Methyl- 
ethylpyridine, ^cqllidiiie, b.p. i90®-200®, with / 9 -ethyl pyridine from 
cinchonine by distillation with potash (B. 35 , 1351). 

a-Propylpyridine, Conyrine, C5(C3H7)H4N, is produced on heating 
coniine with zinc-dust. It bods at 167®. 

^i!-fsoPropylpyridine is produced, together with the y-compound, 
when pyridine propyl iodide or isopropyl iodide is heated. It boils 
at 158°. ^ 

Parvoline, v-Tetramethylpyridine, boiling at 227®-23o®, occurs in 
coal-tar (B. 28 , 796). 

a- and y-Benzylpyridine, C5HjN(CH2CpH5), b.p. 276® and 287®, 
from pyridine chloro- or iodo-benzylatc at 270°, besides a small 
quantity of / 9 -benzylpyridine, m p. 34®, b.p. 287®, which is better 
obtained by reduction with HI and phosphorus (B. 36 , 2711). The 
iodomethylates of a- and y-bcnzylpyridinc, treated with NaHO, 
yield, -instead of the pyridones, a- and y-benzylidene-A^-methyl- 
dihydropyridines, from which the pyridinium salts can be regenerated 
by means of acids (B. 38 , 2496). 

/ 9 ,/ 9 i-Dibenzylpyridine, C3H3(C-H7).2N, boiling at 89°, is formed in 
the condensation of benzaldehyde with benzoyl piperidine (A. 280 , 36). 

tt- and / 9 -Phenylpyridine, C5(C^H3)H4N, boiling at 269® and 270®, 
result from the elimination of 2CO2 from their carboxylic acids, the 
decomposition products of a- and /?-naphthoquinoline. The a-body 
can also be made by heating the corresponding a-pyridone ^\lth zinc 
dust (B. 29 , 1678). / 9 - Phenyl-pyridine is also formed by the distilla- 
tion of AT-benzyl-pyrrolc through feebly incandescent tubes, and by 
the action of benzal chloride and Na ethylate upon pyrrole. 

p-Nitrophenylpyridine, moJting at 117®, is obtained from nitroso- 
diazobenzene and pyridine. By reduction it yields ^-aminophenyl- 
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pTOdine, melting at I02®, which yields a-phenylpsnidine (B. 29 , 167). 
Diiiitiophenylpyiidine melts at 118° (B. 29 , 279). y-Pbenylpyridine, 

mating at 77° and boiling at 274°, results from a transposition of the ^ 
condensation product of acetoacetic ester with benzaldehyde and 
ammoma; a mixture of a- and y-phenylpyridine is also formed by 
the action of benzene diazonium s^ts upon p3uidine (compare B. 87 , 

1370). 

a^ajL-Phenylmethylpyridine, Cg(CeH5)(CH3)H3N, boiling at 281®, is 
obtained from cinnamylidene acetoxime (B. 28 , 1727). a,aj^-Dipheiiyl 
pyridine, melting at 82°, has been obtained (i) by distilling the oxime 
of cinnamylene-acetophenone (method 3); (2) from a,ai-diphenyl-y- 
pyridinecarboxylic acid, produced on heating diphenacyl-malonic 
acid with ammonia; and (3) by oxidizing a-phenyl-naphthocinchonic 
acid (B. 29 , 798; 30 , 1499). 

aaV-Triphenylpyridine, m.p. 137®, and oa'/^y-Tetraphenyl- 

pyridine, m.p. 179° and 233°, and pentaphenylpyridine, m.p. 179° ' 
and 240°, are formed from benzal - diacetophenone, ay-dibenzoyl- 
diphenyl-propane, desoxy-benzoin benzylidene acetophenone, and 
benzamarone with hydroxylamine (method 3 ; compare A. 302 , 233, 
240; 303 , 225). 

77-Dipyridyl, (C5H4N)2 + 2H2O, m.p. 73° (114''), b.p. 305^ is formed 
from pyridine by the action of sodium, besides an oily polymeric 
pyridine (C5H5N) (B. 24 , 1478). Similarly, on heating aai-lutidine a 
tetramethyl-dipyridyl, [C5H2(CH3)2N]2, m.p. 149®, is formed. This 
on oxidation yields a dipyridyl tetracarboxylic acid, which on eliminat- 
ing CO2 passes into yy-dipyridyl (B. 32 , 2209). 

/ 9 /?-Dipyridyl, m.p. 68®, b.p. 287®, from its dicarboxylic acid, an 
oxidation product of phenanthroline. On a further dipyridyl, see 
B. 21, 1077. 

^ Vinylpyridine, €5114(02113) N, results wdien pyridine vapours are 
conducted, together with ethylene, through a tube heated to redness, 
as well as from a-picolyl alkine by the loss of water, and from pyridyl- 
P-brompropionic acid by the exit ui COg and HBr. It boils at 160° 
(B. 20 , 1644; A. 265 , 229). 

a-lhopenylpyridine, (C5H4N)CH: CHCII3, b.p. 290®, usually called 
allylpyridine. is formed from a-picoline and paraldehyde on heating to 
260° (A. 247 , 26); on reduction with Na and alcohol it yields propyl- 
piperidine or inactive coniine. 

y-Propenyl-pyridine, b.p. 201°, from y-picoline and paraldehyde 
(B. 88, 157). a-Styryl-pyridine, Stilbazole, C6(CH: CHC3H5)H4N, m.p. 
61®, b.p. 325®, by heating a-picoline with benzaldehyde and ZnCl.^; 
benzaldehyde and its substitution products react similarly with other 
a-methylated pyridines, like aai-methyl-phenyl-pyridinc, a,y-lutidine. 
oa^-Lutidine gives aoj-Distyrylpyridines, ArCH: CH(C5H3N)CH: CHAr 
(B, 88, 3494; 34 , 464, 1893; 35 , 2774, 2790; 36 , 118, 119, 1683). 
y<*Styrylp3^dme, m.p. 217®, from y-Picoline (B. 88, 2837). 

2. Halogen Pjnidines. — The pyridines containing hdogens in the 
nucleus are obtained with difficulty by the direct action of the halogens 
upon the pyridines. Bromine particularly replaces the alkyl group 
in the homologous pyridines very easily ,(B. 25 , 2985; 28 , 1759) » spThe 
replacement of the p3rridine hydrogen atoms is more easily effected upon 
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heating pyridine or the hydroxypyridines with phosphorus or antimony 
pentachloridesv^ 

By heating pyridine with PCI5 to 210° to 220° one obtains oai- 
dichloro-pyridine, m.p. 88° (also obtained from dichlortso-nicotinic 
acid by eliminating COg); also three trichloro-pyridines, melting at 
50°, 68°. and 72° respectively; aapp'-, app'y-, and aa'^y-tetrachloro- 
pyridines, melting at 91°, 22°, and 75° respectively; and as a chief 
product pentachloro-pyridine, C5CI5N, m.p. 125°, also produced from 
dioxy-pyridine or glutaconimide with PCI5, and, besides lower chlorina- 
tion products, by prolonged action of chlorine upon pyridine hydro- 
chloride. By heating with alcoholic ammonia sever^ of the higher 
chlorinated pyridines have been converted into aminocliloropyridines 
(C. 1898, 11 . 349; 1899, II. 1055; 1900, I. 135, 350, 552, 818; II. no, 
482; J. pr. Ch. [2], 83 , 106). 

On the chlorination of a-picoline, see C. 1909, I. 382. 
a-Chloropyridine, b.p. 166°, is prepared from a-hydroxy-pyridine, 
or better from A^-alkyl pyridones, with PCI5; similarly, the iV-alkyl 
pyridones with POBrg + PBr^ yield a-bromo-pyridine, b.p. 193°. On 
treating chloropyridine with methyl-iodide, a-iodopyridine-iodo-methy- 
late, C5H4lN(CH3)I, is formed (B. 32 , 1297). / 5 -Chloro- and / 9 -bromo- 
pyridine, b.p. 148° and 170°, are obtained from potassium pyrrole with 
CHCI3 and CHBrg respectively; / 3 -chloro-pyridine also from a-chloro- 
glutaconic aldehyde and NH3 (B. 38 , 1651). Homologous / 5 -halogen 
pyridines (see C. 1900, I. 817). a-Phenyl-a^-chloropyridine, m.p. 34°, 
from phenyl pyridine (see B. 29 , 1679). y-Chlorolutidine, C5(CH3)2H2C1N, 
b.p. I76 °-i 78°, from lutidone (A. 331 , 254). 

3. Pyridine Stdphonic Acids . — / 5 -Pyridine sulphonic acid, 
C5H4(S03H)N, is formed from pyridine with fuming sulphuric acid. 
Its sodium salt, on distillation with CNK, yields / 5 -cyano-pyridine, the 
nitrile of nicotinic acid, and on fusing with potash, / 5 -hydroxypyridii^. 

a-Pyridine sulphonic acid, m.p. 240°, and lutidine-y-sulphonic acid 
are prepared by oxidizing the corresponding mercaptans (B. 33 , 
1556). Heating piperidine wdth sulphuric acid produces pyridine and 
pyridine sulphonic acids. 

^"4. Nitro- pyridines . — Nitration of the pyridine nucleus seems 
only possible when NH^-, OH-, or similar groups are present, which, 
as in the case of benzene, facilitate the nitration. 

The nitration of / 5 -hydroxypyridinc in the form of its acetyl ester 
with nitric acid containing NgOg gives rise to two nitro-hydioxypyridincs, 
melting at 211° and at 295°-298° with decomposition; also a dinitro- 
hydrozypyridine melting at 133° (B. 28 , R. 91 1). See nicotinic acid 
for the nitro-aminonicotinic acids. 

5. Amino- and Hydrazino-pyridines are obtainable from a- and y- 
(not P-) halogen pyridines by the action of NH3. Amino-pyridines are 
also obtained from the pyridinecarboxylic acids (i) by the action of 
KOBr upon their amides (Hofmann's reaction) (C. 1902, II. 647); or 
(2) by transforming the acid azides with alcohol into pyridyl-urethanes 
and splitting up the latter (Curtius's reaction). The closest analogy 
to the anilines is presented by the pyridines aminated in the / 5 -position, 
since they can be transformeiinto diazo- and diazoamino-compounds 
and into azo-dyestuffs. 
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a-Aminopyridine, m.p. 56®, b.p. 204®, from a-chloropyridine with 
ammoniated zinc chloride at 220® ; from a- or ai-amino-nicotinic acid 
by elimination of COgi and from a-picolinic acid amide (B. 27 , 13171 
R. 410; A. 288 , 233; B. 32 , 1301). a-Anilinopyridine, m.p. 108®, from 
chloropyridine and aniline zinc chloride (B. 35 , 3674) . /^-Aminopyridine, 
m.p. 64®, b.p. 251®, from nicotinic acid amide with KOBr (B. 28 , 
R. 322) ; also by breaking up ^-pyridyl urethane, (C5H4N)NHC02C2H|.„ 
m.p. 87®, or dipyridyl urea, obtained from nicotinic acid azide with 
alcohol or water (B. 31 , 2493). Diazo-pyridine salts, p~diazo-aminO‘ 
Pyridine, (CgH^N)!^: N.NHj^CgH^N), pyridine azo-resorcin (see B. 31 , 
2495)* i^/ffi-Diamino-aai-lutidine, C5(CH3)2(NH2)2HN, m.p. 170®, from 
lutidine dicarboxylic acid diazide, etc. (B. 33 , 1114). 

y-Aminopyridine, m.p. 155®, from wonicotinic acid amide (C. 1902, 
II. 648). 

y-Amino-aa^-lutidine, m.p. 186®, b.p. 246®, from amino-lutidine 
carboxylic acid. 

y-Lutidylhydrazine, C3(CH3)2{NHNH2)H2N, m.p. 116®, from y- 
chlorolutidine with hydrazine hydrate at 150°. Chlorolutidine with 
phenylhydrazine gives y-phenvlhydrazinolutidine, C^H5NHNH(C7H8N), 
which on oxidation yields benzeneazolutidine, CgH^N : N(C7H8N), m.p. 
63® (B. 36 , nil). For chlorinated amino-pyridines, see preceding page. 

6. Hydroxypyridines. — The hydroxypyridines correspond to the 
amino-phenols, in that they form salts with bases and acids. They are 
formed with special ease from the hydroxypyridine carboxylic acids by 
the elimination of the carboxyl groups. Most of these acids have been 
produced by the action of ammonia upon the corresponding pyroiie 
derivatives. V^^erric chloride imparts a red colour to nearly all their 
solutions. On the other hand, the a- and y-hydroxypyridines manifest 
the deportment of cyclic imides or lactams. They must ])e viewed 
a| ^e/o-compounds of the hydropyridines, and are called, therefore, 
pyridones. The following formulx* have been considered for the a- 
and y-hydroxypyridines : 


I. CII 



a- H ydroxypyndine. 


C(OII) 


/CII— CH\ 
\CH =CH/ 


N. 


y-H ydroxypyndine. 


II. CH 



a-Pyridone. 


y-Pyridonc. 


Although it is undetermined which of the two possible representa- 
tions belongs to the free oxy-bodies, alkyl derivatives are obtained 
from both in which the alkyl residue replaces the imide or hydroxyl 
hydrogen (B. 24 , 3144). The following formuhe should also be con- 
sidered for the a,ai-dioxypyridines or glutaconimides : 


I. \nH. 

\CH=C(OH)/ \CH=C(OH)/ ^CH,— CCK 


(Compare the p}n-azolones, the isoxazolones, benzimidazolones, 
indoxyl, isatin, etc.) . 

The transformations of the iV-alkyl pyridones resemble those of the 
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antipyrines, 5delding with PCI5 the halogen alkylates of the a- and y- 
chloro-pyridines. The latter with NaHO regenerate the IV-alkyl 
pyridones, and with potassium sulphydrate and selenide they yield 
AT-alkyl thio- and -seleno-pyridones respectively. This is why, in the 
case of the antipyrines as well as the iV-alkyl pyridones, the existence 
of a linkage-atom of oxygen has been supposed, making up the 



(i) MonoxyPyridines. — a-Hydrox3rpyridine, a-Pyridone, C5H5ON, 
melting at 106° and boiling at 281"^, is obtained from hydroxyquinolinic 
acid and from hydroxynicotinic acid. Bromine water converts it into 
a dibromhydroxypyridine, C5H2Br2(OH)N, melting at 206°. With ethyl 

iodide it yields 1^-ethyl-a-pyridone, boiling at 

247°, while the silver salt and the same reagent yield a-ethoxy- 
pyridine, boiling at 156°. a-Mcthoxypyridine 

can also be prepared from a-pyridone and diazomethane (B. 28 , 1625). 

A^-Alkyl-a-pyridones are formed in general from the halogen alky- 
lates of the a-chloropyridines with NaHO (see above), and from 
pyridine halogen alkylates by the action of NaHO and potassium ferri- 
cyanide (J. pr. Ch. [2], 84 , 435). By heating with phosphorus halides 
the A'-alkyl p^^ridones are transformed into a-h^dogen pyridines with 
elimination of halogen alkyl (B. 32 , 1297) : 


C„/CH.-CR\ /CII 3 


CH 


/CH— CC1\ 
\CH - CH/ 


N. 


i,3-Dimethyl-a-pyridone, pseudo - lutido - styril, mesiienc lactam, 
m.p. 180°, is formed from dimcthylcoumalin or mcsitenc lactone with 
NHg, and from its carboxylic acids; on nitration it is converted into 
a nitro-^S£?«t^e-lutido-styril, which can be reduced to djamo-pseudo- 
lutido -styril, C5(CH3)2(OH)(NH2)HN, m.p. 205° (C. 1898, I. 848). 
a-Phenyl-ai-pyridone, m.p. 197°, from phenylcoumalin with ammonium 
acetate; aniline gives A^ai-diphenyl-ai-pyridone, m.p. 145*" (B. 29 , 
1677). 

/?-Hydroxypyridine, C5H4(OH)N, melting at 124°, distils without 
decomposition. It is produced when ^-pyridine sulphonic acid is fused 
with caustic potash (B. 28 , R. 911), or by the action of nitrous acid 
upon i^-aminopyridinc. Its ethyl ether, C5H4(OC2H5)N, results from the 
interaction of / 5 -brompyridine and alcoholic potash. 

y-Hydroxypyridine, y-Pyridone, C5H50N( +H2O), melting at 148°, 
is produced by heating hydroxypicolinic acid and chelidamic acid. 
Methyl iodide converts it into the hydroiodide of AT-methyl-y- 
pyridone, OC<^2'^^>NCH3, melting at 89°. With diazo-methane 
it yields a mixture of AT-methyl-y-pyridone, and y-meihoxy-pyridine, 
(C. 1906, I. 1439). This compound may be 

prepared by heating y-clilorpyridinc with sodium ethylate. It boils 
at 190°, and, unlike its isonieride, is broken down when heated with 
hydriodic acid into methyl iodide and y-pyridone. 
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aa'-Dimethyl-y-ozypyridine, y-Lutidone, C6(CH3)2H80N( + liHaO), 
melting at 225®, is obtained from lutidone dicarboxylic acid (p. 179), 
as well as from dehydracetic acid on heating with ammonia (B. 28 » 
R. 644). With phenylhydrazine, y-lutidone yields a phenylhydrazone, 
(C7H9N)NNHC«H6, m.p. 125® (J. pr. Ch. [2], 64 , 496). iV-Methyl-y- 
lutidone is also formed from y-chlorolutidine iodo-methylate with dilute 
NaHO (A. 331 , 256). y-Ethoxylutidine, boiling at 207°, results upon 
diazotizing y-aminolutidine in alcoholic solution (B. 27 , 1328). For 
nitro- and amino-lutidone, see C. 1898, I. 1124. 

(2) Dioxypyridines. — aa'-Dihydrozypyridine, glutaconimide, CgHgOgN 
(I- 520), melting at i83°-i84°, is obtained from oxyglutarimide, 
glutaconamic acid, or glutacondiamidc. Its salts (chloride, + HgO; 
stdphate, + zHgO) are decomposed by much water. It yields pyridine 
upon distillation with zinc dust. Phosphorus penta-chloride converts 
it into pentachloro-pyridine. 

ajff'-Dihydroxypyridine, m.p. 248°, distinguished by its blue colora- 
tion with ferric chloride, is obtained from /J-oxypyridine by soda fusion ; 
by oxidation with MnOo and sulphuric acid it forms a pyridine quinone, 
CgHgOaN (C. 1898, I. 250). 

Several isomeric dioxy-pyri dines have been obtained by fusing 
pyridine disulphonic acids with potash (B. 17 , 1832), from comenaminic 
acid or dioxy-picolinic acid (B. 18 , R. 633) by elimination of COg, etc. 

/^-Methyl-aa^-dihydroxypyridine, Cg(CH3)H402N, melting at loi®, 
^-Ethyl-, i?-Benzyl-dihydroxypyridine, etc., i)ave been prepared by the 
action of ammonia upon methyl-, ethyl-, and benzyl-glutaconic esters 
(B. 26 , R. 318, 587). These dioxypyridines correspond to resorcinol of 
the benzene series, and like it they form dyes with phthalic anhydride 
(see B. 26 , 1559). 

ay-Dihydroxypicoline, m.p. 331®, is obtained from the synthetic 
di^ydroxypicoline carboxylic acid. With N2O3 it yields a nitrosodihy- 
droxypicoline, which on treatment with stannous chloride and HCl gives 
a trihydroxypicoline, m.p. 264® (B. 32 , 1985; compare C. 1897, II. 490). 

(3) T rioxypyridines . — aa' y - Trihydroxypyridine, T riketopiperidine, 
QH5O3N, decomposes at 220® to 230®. It corresponds to phloroglucin. 
It can be obtained by boiling glutazine with hydrochloric acid. 
Heated with ammonia it reforms Glutazine, p-Imino-glutarimide, 
NH : melting with decomposition at 300®, which 

may be prepared by heating acetone dicarboxylic ester with ammonia 

(B. 20 , 2655). 

Pyro-mecazonic Acid is an isomeric trihydroxypyridine obtained 
from pyromeconic acid with ammonia. Ferric chloride colours it a 
dark indigo blue. 

7. Thiopyridines. — Mercaptans of the pyridine series arc prepared, 
like the amines, from a- or y-halogen pyridines with alcoholic KSH 
solution (B. 33 , 1556): a-pyri^l mercaptan, thio-pyridone, CgHgSN, 
yeUow prisms, m.p. 125°, from a-chloropyridine, gives with iodine a 
bisulphide, (CgH^l^gSg, m.p. 58°; with nitric acid pyridinesulphonic 
acid; with methyl iodide methyl a-pyridyl sulphide, b.p. 197®; the 
latter is also formed by distillation from tl^e iodomethylate of A^-methyl 
thio-pyiidone, C5H4SN(CH3), m.p. 90®; iV - methylthiopyridone is 
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obtained from iV-methyl-a-pyridone with PgSg, and from iodo-pyridine 
iodo-methylate with KSH (see above). With potassium selenide 
the iodo-pyridine iodo-methylate yields iV-methyl«a-seleno-pyridone, 
C5H4SeN(CH3), m.p. 80°, the iodo-methylate of which gives rise to 
met^l-a-pyridyl-selenide, (C5H4N)SeCH3, b.p. 212°, on distillation 
(A. 881 , 245). 

aa^-Lutidyl-y-mercaptan thio-lutidone, C5(CH3)2H3SN, m.p. 224^ 
from y-chloro-lutidhie ; lutidyl-sulphide, (C7H8N)2S, m.p. 83° ; bisulphide, 
m.p. 57°; with alkaline HgOg solution lutidine-y-sulphonic acid is 
obtained. iV-Methyl-thio-lutidone, 05(6113) 2H2SN(CH3), m.p. 268°, 
from y-chloro-lutidine iodo-methylate with KSH, gives with methyl 
iodide the iodo-methylate of methyl-y-lutidyl sulphide, (C7H8N)SCH3, 
m.p. 51°, b.p. 233°; by oxidation with chlorine water the A^-methyl 
thio-lutidone gives a trioxide, C7H8N(CH3)S03 (A. 331 , 245). 

8. Pyridyl Alcohols. — These are sometimes called pyridyl alkines. 
They arise (i) in the aldol condensation of a-methyl pyridines with 
aldehydes on boiling with water; (2) from their HBr-esters, the homo- 
logous pyridines brominated in the side-chain ; (3) by the reduction of 
the corresponding ketones. 

/? - Pyridylcarbinol, C3H4N[/5]CH20H, is obtained from its 
bromide, which results from the treatment of i?-picoline with 
bromine at 150° (B. 33 , 3498) ; similarly, j^'a-picolyl-metbyl- 
carbinol, C5H3(CH3)NCH(OH)CH3, b.p. 240°, is obtained from bromo- 
collidine on* boiling with water (B. 28 , 1759). 

a-Pyridyl-ethyl-carbinol, C5H4N [a]CH(OH)C2H5, b.p. 2i3'='-2i8®, 
a- and y-pyridyl-phenyl-carbinol, C5H4N.CH(OH)CeH5, m.p. 82® and 
126°, are obtained by the reduction of a-pyridyl ethyl ketone and 
tt- and y-pyridyl phenyl ketone respectively with Na amalgam 
(B. 37 , 1370). a-Pyridyl-dimethylcarbinol, C5H4N.C(OH)(CH3)2, m.p. 
51°, b.p. 204®, and a-pyridyl-diethylcarbinol, b.p. 24 153°, " result 
from picolinic acid esters and alkyl magnesium haloids (B. 41 , 

■ 4103). 

From a- and y-alkylatcd pyridines with aldehydes the following 
alkines are obtained (B. 22 , 2538; 23 , 2709; 34 , 2233; 35 , 1343; 86, 
2904; 37 , 737; 39 , 1045; 42 , 132; A. 301 , 124): Methylol-a-picoline, 
Picolylalkine, (C5H4N)«-CH2CH.2.0H, b.p.^ 115°, besides Dimet^lol-a- 
picoline, (C5H4N)(/-CH(CH2^0H)2, m.p. 78°, and Trimethylol-a-picolme, 
(C5H4N)a-C(CH20H)3, m.p.GS’^, on heating a-picoline with formaldehyde. 
Methylol-a-picolinc heated withHBr and HI respectively gives a-bromo- 
and iodo-ethyl-pyridine, CglljN-a-CH-XHoX, unstable oils which easily 

transpose into the cyclic pyridinium salts, Vrj ™ ^P* 

CH .C/H ; ^ X.,C.Iij 

213° and 227°, of high melting-point, and are transformed with 
NH3 and amines to a-pyrid*etbylamine, (C5HiN)a-CH2CH2NH2, b.p. 12 
91° (B. 37 , 161 ; 38 , 3329). 

From y-picoline and formaldehyde we obtain Methylol-y-picoline, 
(CjH4N)y-CH2.CH20H, b.p.jj 126“, and Trimethylol-y-picoline, 
(CjH4N)y-C(CH,OH)3, m.p. i56°-i57°; from acj-lutidine Metbylol- and 
Dimetbylol-lutioine, m.p. 55° and 74°; from /S-collidine, y-Dimethylol- 
coUidine, [C6H3(C2H3)N]y-CHJCH20H)2, m.p. 103“; from a-ethyl- 
pyridine, Methylol-a-et^lpyridine, (C3H4N)a-CH(CH3)CH20H. 
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The iodide obtained from methylol-y-picoline with HI; like the 
o-iodo-ethyl pyridine, is transformed on heating into a dicyclic pyri- 
XH— CHv 

dinium salt, C^CH^CH,^N.J. (B. 42 , 124). On reduction with HI 
^CH CH' 

and phosphorus or zinc dust, these alkines yield the corresponding 
alkyl pyridines, and by oxidation pyridine carboxylic acids. Ethylol-a 
picoline» (C6H4N)a-CHjjCH(OH)CH3, m.p. 32°, b.p.go 124°, and Benzylol- 
a-picoline, (C5H4N)a-CH2.CH(OH)CgH5, m.p. 97°, from picoline with 
acetaldehyde and benzaldehyde respectively. Trichlor-etbylol-a- 
picoline, m.p. 87°, from a-picoline with chloral. 

9. Pyii^l Ketones. — Ketones of the pyridine scries are obtained 
in the distillation of p3^idine carbox3dic acids with fatty or aromatic 
acids (Engler, B. 24 , 2525), or by ring synthesis (B. 30 , 2295; 31 , 
1025). They yield secondary alcohols, together with pinacones, by 
reduction. 

a-Pyridyl methyl ketone, (CH3CO)C5H4N, boiling at 192°, is prepared 
from calcium picolinate and acetate. Its oxime melts at 120®. Its 
phenylhydrazone melts at 155®. For condensation products with aro- 
matic aldehydes, see B. 35 , 4061. 

^-Pyridyl methyl ketone, boiling at 220®, is obtained from 
calcium nicotinate and acetate, a - Picolyl - y - methyl ketone, 
C5H3(CH3)(C0CH3)N, boiling at 233®, results upon oxidizing the corre- 
sponding dkine (B. 28 , 1764). 

a-Pyridyl ethyl ketone, (CoH5CO)C5H4N, boiling at 205°, is changed 
by sodium and amyl alcohol to a-ethyl piperyl alkine, C2H5CH(OH).- 
C5H9NH, and furtlier into {d + /)-coniine. 

Phenyl i^-pyridyl ketone, CeH5CO.C5H4N, b.p. 307® (B. 20, 1209), 
from benzoyl picolinic or wonicotinic acid, gives two isomeric oximes, 
m^.p. 142® and 162® (B. 29, R. 832). Phenyl a- and y-pyridyl ketone, 
b*p. 317° and m.p. 72®, b.p. 315® respectively, by oxidation of the 
benzyl pyridines. /^^i-Diacetyl-aa^-lutidine, C5H(COCH3)o(CH3)2N, m.p. 
74°, is obtained from methenyl-bisacetylacetone, (CH3CO)2CH.CH 
C(C0CH3)2, with ammonia, and by oxidation with NgOg, from its 
dihydro-derivative, resulting from methylene bisacetylacetone with 
NH3 (B. 30, 2295; A. 297, 71). In a similar manner, other pyridyl 
ketones were obtained from their synthetic dihydro-derivatives — e.g,, 
y-phenyl-i^/^i-diacetyllutidine, m.p. 188®, from benzal-acetonylacetone 
with amino-acetylacetone (B. 31, 1026). 

^-Nitrophenyl a-picolyl ketone, N 02 CgH 4 C 0 CH 2 [a]C 5 H 4 N, m.p. 
160®, from the corresponding alkine (B. 35 , 1165). a-Acetacelyl 
pyridine, (C5H4N)COCH2COCH3, m.p. 50®, b.p. 15 i37®-i43®, from pico- 
linic acid ester, acetone, and sodium ethylate (B. 29 , R. 846) ; and from 
nicotinic and zsonicotinic acid ester: p- and y-acetacetylpyridine 
(M. 22 , 615). 

s/' 10. Pyridine Carboxylic Acids. — These acids of pyridine result upon 
oxidizing the homologous pyridines with potassium permanganate, 
when alkyl as well as phenyl groups are converted into carboxyl. 
The condensed pyridine derivatives — e.g., quinoline, isoquinoline, etc. 
— are similarly decomposed, the benzene rings being ruptured and 
oxidized to carboxyl. Hence, most allcaloids, being pyridine deriva- 
tives, 5deld these acids upon energetic oxidation. 
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For the separation of the acids obtained from mixtures of pyridine 
bases, see B. 33 , 1225, etc. 

^/’^The lower acids can be prepared from the pyridine polycarboxylic 
acids by heating them with hydrochloric acid. Usually, in this treat- 
ment it is the COOH-groups, occupying the a-position, which are split 
off. Upon heating with lime all the carboxyl groups are eliminated 
and pyridine is formed. 

The pyridine carboxylic acids, like the other pyridine deriva- 
tives, are reduced by sodium and alcohol to piperidine carboxylic 
acids. 

A number of pyridine carboxylic acids are reduced by sodium 
amalgam in aqueous-alkaline solution to lactonic acids of the 
fatty series. The group — CH=N — CH= is then converted into 
— CO— O— CH2— (B. 25, R. 904; 26, R. 8; 27, R. 193, etc.). 

As the pyridines are bases, their acids manifest the character of 
amino-acids. The basic properties disappear with the polycarboxylic 
acids. On heating with iodine alkyls in soda solution the pyridine 
carboxylic acids yield betaine (B. 36, 616). 

The methods of determining position or place in the monocarboxylic 
acids have been given on p. 165. Of the dicarboxylic acids, quinolinic 
acid, because of its formation from quinoline, must be the a,/?-dicar- 
boxylic acid, and cinchomcronic acid, because of its production 
frojcn tsoquinoline, must be the /?,y-dicarboxylic acid. 

» A. Pyridine-mono-carboxylic Acids : 

a-Pyridinecarboxylic acid, Picolinic acid, C5H4N(C02H), is obtained 
by the oxidation of a-picoline. It melts at 135 ^--136°, and sublimes. 
Ferrous sulphate imparts to its solutions, as well as to those of all 
pyridine carboxylic acids having the carboxyl group in the a-position, 
a yellow-red colour. ' 

Ethyl ester, b.p. 243°; chloride, m.p. 220°; amide, m.p. lo/’; 
nitrile, m.p. 29°, b.p. 2i2''-2i5° (C. 1902, II. 373, 649). 

j^i-P3rridinecarboxylic acid. Nicotinic acid, was first obtained by 
oxidizing nicotine. It is also prepai*ed from /?-picoline, as well as from 
/?-cyanpyridine. It melts at 228^-229''. Its iodomethylate forms a 

betaine, C5H4(COO)N .CH3, which is identical with the alkaloid trigonelline. 
a -Chlornicotinic Acid, melting at 199®, is obtained from hydroxjmico- 
tinic acid, and when heated with ammonia becomes a'-Aminonicotinic 
Acid, which changes to a-aminopyridine on heating, and by nitration 
yields a -nitroaminonicotinic acid, melting at 280°. The reduction of 
the latter yields / 3 V-diaminonicotinic acid, a -Aminonicotinic Acid, 
from quinolinamic acid, also yields a-aminopyridine on the application 
of heat, and by nitration becomes nitroaminonicotinic acid (B. 27, 
1317; A. 288, 253). 

With hydrazine the a'-chloro-nicotinic acid gives a-hydrazino- 
nicotinic acid, COOH [2] C5H3N [5]NHNH2, m.p. 283^ which, on boiling 
with formic acid, yields the so-called benzo- triazole carboxylic acid; and 

with NOgH benzo-tetrazole carboxylic acid, 

HC=CH— C==N\ • 

HOCOC-CH— N— n/^* 
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On oxidation these acids jdeld triazole and tetrazole respectively 
(B. 86, nil), 

y-Fyridinecarboxylic acid, ^^onicotinic acid, m.p. 304®, from y-methyl 
pyridine or from cinchomeronic acid by elimination of COg (C. 1900, 
11 . 482); chloride, m.p. 270° (C. 1901, I. 1052). Ethyl ester, b.p. 218®, 
gives by decomposition of its iodo-ethylate isonicoiinic acid ethyl 
betaine, m.p. 241® with dec. ; amide, m.p. 155°; nitrile, m.p. 79® (C. 1902, 
II. 649). 

Homologous Pyridine Mono-carboxylic Acids . — a-Methyl-a ^-pyridine- 
carboxylic acid, C5H3N[aiai](CH3)C02H, m.p. 85°, from aai-lutidine 
(B. 83 , 1081, 1230); y-methyl-a-pyridinecarboxylic acid, capable of 
sublimation, is formed from uvitoninic acid (see below) by elimination 
of COg. :^Metliylnicotinic acid, m.p. 210®, from y-methylquinolinic 
acid on rejection of COg, condenses with formaldehyde to the dioxy- 

lactone, 0CH2C(CH20H)2[3]C5H3N[2]C0 (B. 34 , 4336). a>/-Dimethyl- 
nicotinic acid, C5(CH3)2H2N .C02H( + 2H2O), is formed as an ester from 
aceto-acetic acid with 2 mols. acetaldehyde and NH3 by method (2). 
y-Chloro-a'i^-dimethylmcotinic acid, C5HC1(CH3)2N[/?]C02H, m.p. 
168° to 170®, results from ^-aminocro tonic acid ester (Vol. 1 .) by 
heating with POCI3. It is transformed, with hydrazine and phenyl 
hydrazine, to hydrazine derivatives, which yield bicyclic pyrazolones 
with elimination of HgO (B. 86, 515; A. 366 , 324). 

oai-Diphenyl-y-pyridinecarboxylic acid, m.p, 279®, from diphen- 
acyl-acetic acid with NH3 (C. 1903, I. 1362). 
y B. Pyridine Dicarboxylic Acids: 

a/?-Pyridinedicarboxylic acid. Qui no linic apid, C5H3N(COOH)2, melt- 
ing at 190® with decompositioiTr^s’**obtained from quinoline and 
from a- and ^-methyl-quinoline by oxidation with pota.ssium per- 
ms’.nganate (B. 19 , 293). The oxidation of ^-hydioxyquinoline with 
bleaching lime yields an intermediate product, carhoxypyridylglyceric 

acid, ^6^8^ CH(OH)COOil' which changes with ease to 

acetontcotinic actd, CjjH3]N (compare B. 26 , 1301, and decom- 

position of iS-naphthol and naphtho-quinone.) 

The anhydride melts at 134® and the imide at 230° (A. 288 , 257). 

On the esterification of quinolinic acid, see M. 29 , 227. The iodo- 
methylate of the anhydride gives on treatment with AggO and water 

i i 

quinolinic acid methyl- i?-betaine, OCO[/^](COOH)[a]C5H3N(CH3); with 
benzene and AICI3 the anhydride yields /?-benzoyl picolinic acid, 
CfiHaNt/JjCOCeHsMCOOH (M. 27 , 371; 32 , 747). 

2,3-P3rridin-dicarboxylic acid, Cinchomeronic acid, m.p. 266® with 
decomposition, from cinchonine, cliichbnidine, and quinine (compare 
C. 1900, II. 482), with nitric acid from woquinoline with KMn04, etc.; 
by reduction with sodium amalgam it gives cinchonic acid, C7H4O5, 
which decomposes on heating into COg and Pyro-cinchonic acid or 
dimethyl-maleic acid anhydride (B. 18 , 2968). Cinchomeronic acid 
anhydride, m.p. 67®, yields with methyl alcohol the y-methyl-ester 
acid, C5HgN[/3]C02H[7]C02CH3, m.p. 173^’, which on being transformed 
into y-amino acid (compare B. 36 , 2841) and further transposition with 
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KOBr yields y-amino-nicotinic acid. From the dimethyl ester, 
b.p.23 161^-171®, we obtain by a partial saponification / 5 -methyl- 
ester acid, C5H3N[y]C02H[/3]C02CH3. The y-ester acid, on treating 
it with ICH3 and silver oxide, gives the methyl-ester of apophyllenic 

acid, 0.C0[/3]C02CH3[y]C5H3NCH3 (compare Narcotine), whereas the 
/ 5 -ester acid gives the methyl ester of the isomeric methyl-y-betaine 
cinchomeronic acid (C. 1903, II. 888). With benzene and AICI3 
the anhydride gives a mixture of y-bcnzoyl-nicotinic acid and / 5 - 
benzoyl-wonicotinic acid (M. 30 , 355). 

Cinchomeronimide, m.p. 230°, gives with alkali hypobromite 
/ 5 -amino- /sonicotinic acid, which, like anthranilic acid, tends to the 
formation of heterocyclic ortho condensation products (B. 35 , 2836); 
a reduction of the imide with tin and hydrochloric acid gives ciili^ho- 

meronimidine, m.p. 199^-200®. 

Cinchomcryl-glycine ester, C5H3N(C0)2NCH2C02R, from potassium 
cinchomeronimide with chloracetic ester, is transposed like phthalyl- 
glycine ester by sodium ethylate into a derivative of the so-called 
copyrine (a twin nucleus of pyridine), dioxy-copyrine-carboxylic ester. 

By splitting off the carboxyl group the 

latter has been converted into dioxy-copyrine, and by heating with 
HI and phosphorus into y-ethyl-nicotinic acid (B. 35 , 1358, 2831; 
compare B. 37 , 2129). 

ay-Pyridinedicarboxylic acid, Lutidinic acid, C5H3N(C02H)2 + 2H2O, 
m.p. 235® (A. 247 , 37). a /5 -Pyridinedicarboxylic acid, Isocinchomeronic 
acid, crystallizes with i to i ^ HoO, m.p. 236® (B. 19 , 1311). aa'-Pyridine- 
dicarboxylic acid, Dipicolinic acid, m.p. 225® (A. 247 , 33). /5/5'-Pyridine- 
dicarboxylic acid, Dinicotinic acid, m.p. 314® (B. 19 , 286). 

Homologous Pyridine-dicarhoxylic Acids . — y-Methyl-quinolinic acio^ 
Upidinic acid, C5(CH3)H2N(C02^2» ^ P- ^86° with decomposition, 
from y-methyl-quinoline (Lepidine), or better from Bz-hydroxy-a- 
chloro-lepidine, by oxidation with KMfi04. The first body produced 
is a-chloro-lepidinic acid, which is reduced to lepidinic acid by HI 
and phosphorus (B. 31 , 796). 

a-Methyl-pyridine-aV-dicarboxylic acid, Uvitonic acid, C5(CH3)- 
H2N(C02H)2, m.p. 244®, is formed by the action of alcoholic ammonia 
upon pyroracemic acid. 

Lutidine - dicarboxylic acid, aa - dimethyl - /5/5 ' -pyridine - dicarboxylic 
acid, C5H(CH3)2N(C02H)2, m.p. 316®, from methenyl-bis-aceto-acetic 
ester with ammonia, or by oxidation with N2O3 from its dihydro- 
derivative obtained from methylene-bis-aceto acetic ester with am- 
monia (A. 241, 31; 281, 94); hydrazide and azide (see B. 33 , 1114). 

Trimethyl-qoinolinic acid, C5(CH3)3N[i, 2](COOH)2, m.p. 195° with 
dec., is formed by the oxidation of the so-called trimethyl-quinolide, 
m.p. 152®, which results from ihe pseudo-oxime of keto-hexenyl-tetronic 
acid, the condensation product of tetronic acid with mesityl-oxide: 


CH,C.N(OH)-<:.CH,v _H.o 
HC . C(CH,)t .C XO / ° * 


CH,C--N===C XHa\^ 
CH,C.C(CH,) :C.CO/ 

Trimethyl-quinolideb 


VOL. in. 
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The trimethyl quinolinic acid, on further oxidation, yields 
dimethyl pyridine-ai^iS'-tricarboxylic acid and y-methyl-pyndine- 
tetracarbozylic acid, which by rejection of CO2 yield various 
other carboxylic acids (A. 322 , 351). 

V (aaV)-Trimethyl-pyridine-(i5i5>diearboxylic Acid, CoUidinedicar- 
boxylic Acid, 05(0113) 3N(C02H) 3. The diethyl ester is prepared 
by the oxidation of dihydro-collidine dicarboxylic ester in alcoholic 
solution with nitrous acid. It is the foundation substance for the 
preparation of a series of higher and lower pyridine carboxylic 
acids. 

0 . Pyridine Tricarboxylic Acids. — a^y-Pyridinetricarboxylic Acid, 
Cai^p-cinchomer(mic 05H2N(OOOH)3 + 1 JH2O, melting at 250®, 
results upon o:ftdizing quinine, cinchonine, various decomposition 
products of these alk^oids, and y-methyl quinolinic acid, etc., with 
potassium permanganate. Consult C. 1897, II. 308, for the esterifica- 
tion of this acid. aaV-Pyridinetricarboxylic acid, melting witli de- 
composition at 145®, is obtained from symmetrical collidine or from 
uvi tonic acid (A. 228 , 29). a/S'y-Pyridinetricarboxylic ^vA^^Berberonic 
Acid, obtained by the action of nitric acid upon the alkaloid berberine, 
melts at 235® (B. 25 , R. 582). 1,2,5-Pyridinetricarboxylic acid, 
decomposes at 130® (B. 19 , 1309). 

D. Pyridine Tetracarhoxylic aa'/5y-Pyridinetetracarboxylic 

Acid, C5HN(C00H)^( + 2H2O), melting at 227®, is obtained from colli- 
dine carboxylic acids or from flavenol (p. 195), a quinoline derivative 
(B. 17 , 2927). Consult B. 19 , 1309, for the an -acid, etc. 

E. Pyridinepentacarboxylic Acid, \-2E2O, decoinpnsing 

at 220®, is formed by the oxidation of collidine (licarboxylic acids. 

II. OxyPyridine Carboxylic Acids. — The views expressed on p. 170 
relative to the oxypyridines or pyridones apply to the constitution of 
the oxypyridine carboxylic acids. The latter are obtained with remark- 
able ease from the corresponding pyrone carboxylic acids by the action 
of ammonia. When heated they break down, as a rule, quite readily 
into carbon dioxide and pyridones. 

A. Monoxy pyridine Carboxylic Acids. — a-Hydroxypyridine-/3'-carb- 
oxylic Acid, Oxynicotinic Acid, C5H40N(C00H), melting at 303®, is 
produced when ammonia acts upon coumalic acid ester, and by the 
elimination of carbon dioxide from hydroxyquinolinic acid. 

M-Hydroxypyridine-i5-carboxylic Acid, melting with decomposition at 
255®, is made from i-aminonicotinic acid (p. 175), and in various other 
ways (A. 288 , 265; M. 9 , 145). y-Hydroxypyridinc-j9-carboxylic Acid, 
Oxynicotinic Acid, ( -f-HgO), melting at 250°, is produced by the action 
of ammonia upon comanic acid. <2-Hydroxyp3rridine-a'j5 -dicarboxylic 
Acid, Oxyquinolinic Acid, C5H30N(C00H)2, decomposing at 254®, is 
obtained from quinolinic acid by the potash fusion, or from its methyl 
ether, methoxyquinolinic acid, melting at 140®, which results when potas- 
sium permanganate acts upon amidocarbostyril ether. a-Oxylepidinic 
add, C5H20N(CH3)(C00H)2, from dioxylepidine (B. 81 , 802). y-Hy- 
dro3^yridine‘^a'*^carboxylic Acid, Ammonchelidonic Acid, Chelidamic 
Acid, is obtained by the action of ammonia upon chelidonic acid. 

N ay-Dimeibyl-a -hydroxypyridine-i^-oarboxylic Acid, Pseudo 4 utido- 
styrilCarboxylicAcid, C5(CHJ2H20N(C00H), results upon heating HCl- 
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/?-aminocrotonic ester to 130® (B. 24 , R. 632). iV-Phenyllatidoiie 
carboxylic acid, C5H(CH3)2(C^Hb)ON(COOH), is similarly produced, 
together with y-oxyquinaldine, upon heating /5-aiiilinocrotonic ester. 
aa'-Lutidone-/?^'-dicarboxylic Acid, C5(CH3)2HON(COOH)2, melting at 
267®, results when ammonia acts upon dimethyl pyrone dicarboxylic 
ester. Pentachloride of phosphorus converts it into y-chlorolntidine 
dicarboxylic acid, melting at 224®, which yields y-aminolutidine 
dicarboxylic acid with ammonia at 130® (B. 27 , 1323). 

B. Dioxypyridine Carboxylic Acids. — Dihydroxypicolinic Acid, 
C5H402N(C00H), Comenamic Acid, is derived from comenic acid by 
heating with ammonia. 

a'y-I>ihydroxypicoline-/ 9 '-carboxylic acid, CgH3(CH>)02N(C02H), is 
obtained as an ester by sodium ethylate condensation of malonic ester 
(i mol.) with )5-aminocrotonic acid ester (t mol.). 

aa^ -Dihydroxy-nicotinic acid, m.p. 198®, from isaconitic acid ester, 
(C00R)2CH . CH : CHCO.^R, with NIL,, with PCI5 gives dichloronicotinic 
acid, m.p. 144® (J. pr. Ch. 2, 58, 433). 

1,5-Dihydroxy-dinicotinic acid, C5H30.2N(C02H)2, is obtained as ester 
and ether from dicyano-glutaconic acid ester, C()2RC(CN) : CH . CH- 
(CN)C02R, and from cthoxy-coumalinic acid ester with NH3. It yields 
dichloro-dinicotinic acid ester, m.p. 76® (B. 31, 1241; 32, 779; C. 1898, 
I. 1131; A. 297, 87). arx '-Dihydroxynicotinic acid, citrazinic acid, by 
heating citramido, CONHoC(OH)(CH2CONH2)2, with H2SO4; for the 
conversion of citrazinic acid into dichloro- and di-iodisonicotinic acid, 
sec C. 1900, I. 818. aa^~Dichloro-\s,onicotinic acid with aniline forms 
aa^-dianilino-Lsonicotinic acid, and with potassium sulphydrate dithio- 
isonicotinic acid, C5H2N(S1I)2C02H, m.p. 230® (B. 35, 2933). With 
chloroform and alkali citrazinic acid has been made to yield a di- 
hydroxy-pyridine-aldehydo-carboxylic acid (B. 29, R. 1105). 

a-Methyl-a'/? -dihydroxy-zso-nicotinic acid, from chloracetone, oxal^ 
acetic ester, and NH,, 

12. Pyridyl-substituted acids of the fatty series are known 
in but small numbers. a/?/3'-Trichloropyridyl-y-acetic acid, 
(C5Cl3HN)CH2C02H, m.p. 145°, by transformation of tetrachloro- 
pyridine with Na-malonic ester to trichloropyridylmalonic ester, m.p. 
64®, and breaking up of the latter, gives methyl trichloropyridine on 
superheating (C. 1903, I. 1141). Some pyridyl lactic acids have been 
examined with regard to their connection with alkaloids. Picolyl-a- 
lactic acid, [Cg(CH3)H3N]C(OH)(CH3)COOH, is obtained by saponifica- 
tion from its nitrile, the cyano-hydrin of picolyl methyl ketone 
(B. 28, 1765). 

i 9 ,i-Pyridyl-lactio Acid, C5H4N.CH2CH(0H)C00H, melting at 
125°, is prepared by decomposing its ortho-chloride, chloral-picoline, 
C5H4NCH2CH(OH)CCl3, with soda, whereas with alcoholic potash the 
product is — 

Pyri^l-a-aorylic acid, C5H4N . CH : CH . COOH. Bromine converts 
this acid into pyridyldibromopropionic acid, and hydrobromic acid 
changes it to pyridylmonobromopropionic acid, C5H4 . CHBr . CHg . COOH 
(A. 266 , 221; C. 1902, 1 . 1232). a,2-Picolyl acrylic acid, [C5(CH3)H3N]- 
CH{: CH2)C00H, is obtained rfrora picolylbromopropionic acid, the 
reaction product of PBr3 and picolyl-a-lactic acid. 
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. a-, /?-, and y-Pyridoylacetic ester, {C5H4N)COCHa.COaC2H5, are 
formed from the pjnridine carboxylic esters with acetic ester and 
sodium ethylate; they show the well-known transformations of the 
/5-ketonic acid esters (B. 34, 4234). 

HYDROPYRIDINE DERIVATIVES. 

The reduction of the pyridines with zinc and HCl, or, better, with 
sodium and boiling alcohols, or by electrolysis (B. 29, R. 1122; C. 1897, 

l. 388), produces hydropyridincs, and especially the hydrated bodies 
called piperidines. 

(a) DiHydro-pyridine derivatives are obtained in the pyridine syn- 
theses from aldehydes with /?-dikelo-compourids and NH,. Compare Di- 
hydro-collidinc dicarhoxylic ester, dihydro-lutidine dicarhoxylic ester (from 
formaldehyde, aceto-acetic ester, and NHg), dihydrodiacetyl-lutidine, 

etc. ; Dihydro - ^5, - diacetylcollidine, CH3CH <c|cocH *j • cjcH*) 

m. p. 152®, is formed from ethylidene acctylacetone with amino- 
ace tylacetone. By oxidation with NgOg or dilute nitric acid these 
dihydro-derivatives are usually dehydrated with ease, pyridines 
being formed. The dihydro-lutidine dicarhoxylic ester is partly 
dehydrated on merely treating with HCl. Lutidine dicarhoxylic ester 
is thus formed, while another portion is hydrated to hexahydro- 
lutidine dicarhoxylic ester (B. 35, 1788). On boiling with alkalies the 
dihydro-pyridines arc split up with formation of NHg; some of the 
products undergo carbo-cyclic condensation. Dih3Tlro-collidine di- 
carboxylic ester gives 3,5-dimethyl-A2-(;yc/o-hexenonc; concentrated 
alkalies disintegrate dihydro-collidine dicarhoxylic ester to mono- 
carboxylic ester, and further to dihydro-collidine (B. 31, 1025, 1033). 
Some dihydro-pyridines have been obtained as easily resinified liquids 
of penetrating odour from alkyl pyridinium iodides by treatment 
with potash (B. 14, 1497). On the formation of trimethyl dihydro- 
pyridine from the oxime of methylheptenone with PgOg, see 
A. 319, 77. 

(h) Tetrahydropyridines. — Piperidemes are formed, besides large 
quantities of piperidines, during the reduction of pyridine with sodium 
and alcohol. They can be isolated by means of their di bromides, from 
which they are easily regenerated by reduction with zinc dust and 
sulphuric acid. The bases so obtained are probably A^-piperideines. 
They are reduced with great difficulty, and only by means of HI 
and phosphorus, to saturated piperidines. With acid chlorides and 
NaHO they yield iV-acyl compounds in the usual way (B. 38, 3042, 
3928; 40, 3199). 

Quite a different behaviour is shown by the A»-tetrahydropyridines 
(Lipp, A. 289, 173; 294, 135; cf, A. 304, 54; B. 32, 61) : 

CHj.CHjBr CHjCHa.NH 

CH j, . CHa . COCH , ^ CH, . CH : CCH, 

They are obtained synthetically from the unstable S-amino- 
ketones, or from S-bromo-ketones witlf NH3 or primary amines. 

They are reduced to the corresponding piperidines by merely treating 
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them with tin and HCl, and are easily split up to 5 -amino-ketone 
^derivatives — e,g., with benzoyl chloride and NaHO. This splitting 
occurs with special ease in the iV-alkylated and iV-arylated A«- 
piperideines, so that, e.g., iV-phenyl-A®-pipecoleine is only stable in 
the form of its salts. The and A»-piperidemes therefore corre- 
spond to the 2,5- and 3,4-dihydro-pyrrols respectively. 

i^-Ethylpiperideine, b.p. 158°, /?-Ethyl-7-methylpiperideine,b.p. 177°, 
and o-Methyl-jd^-ethylpiperideine, from the corresponding pyridines 
with N a and dcohol. 

A®-Tetrahydropicoline, Pipecoleine, b.p. 132°, is reduced 

by tin and HCl to pipecoline, and is split up by benzoyl chloride and 
NaHO to 5 -benzoylamino-butyl methyl ketone, and by nitrous acid 
to y-acetobutyl alcohol (A. 289 , 173; B. 42 , 1242). a-Phenyl-A®- 
piperideme, m.p.. ca. 18°, b.p. 276°, from 5 -amino-valerophenone 
(B. 41 , 2010). a, /5-Dimethyl- A'^-piperideine, b.p. 155°, A^-Methyl- 
A^-pipecoleine, b.p. 146°, gives, with benzoyl-chloride and NaHO, 
the benzoyl compound, and with hydroxylamine and semicarbazide 
the oxime and scmicarbazone respectively of S-methyl- ami no- 
butyl methyl ketone. This easy break-up also explains the remark- 
able action of formaldehyde upon N-methyl-pipecoleine, leading to 
Ar-methyl-/ 5 -acctylpipcridine, which may be interpreted as follows: 

CH,— CH, — CH CHj.Cria.CHjj.COCHa CHa-CHj-CH.COCHa CH,— CH,— CH.COCH, 

• • ^ ^ . 

CHa,N(CH3).C.CHa CHa.NHCHg CUa-NHCllj CH.OH CHa.N(CH3).CH 

a-iV-Propyl-A«-piperideine is known as y-Coniceine. On Piperideine 

from piperidine oxide, see B. 25 , 2782. An isomeric tetrahydro- 
pyridine is obtained from piperidine sulphonic acid by fusion with 
potash (B. 34 , 2761). On a tetrahydro-pyridine from methyl hep- 
tenyl-amine, see B. 38 , 2803. ^ 

Keto-denvatives of di- and tetrahydro-pyridines are represented by 
the iV-alkyl derivatives of the pyridones and dioxy-pyridines or gluta- 
conimides (see above). 

Aldehydes of A^-piperideinc are obtained in the hydrolysis of 
imino-dipropionic acetal (Vol. I.) and its A^-alkyl substitution products 
by the intramolecular condensation of the primary imino-dipropionic 
aldehyde (B. 38 , 4154 ; 40 , 4679) : 

NH.CHj.CHa.CHO I'ili .CHa.CH.CHO 

CHa .CHa .CHO CHj .CHg .CH 

A^-.Piperideine-/?-aldehyde only exists in a polymolecular amor- 
phous form. Its hydrochloride melts at 145® with dec., its ^-benzoyl 
compound at 91°. Its oxime, m.p. 145°, on being dehydrated with 
SOClg, yields A^-piperideine-iff-nitrile, b.p.Q.g 48®, from which racemic 
cincholoiponic acid is obtained by the addition of sodium malonic 
ester and saponification. 

AT-Methyl-A^-piperideme-i^-aldehyde, b.p.Q.^ 40^-43^, has an odour 
resembling ariiine. 

The methyl-A^-piperideine-i^-nitrile, obtained by way of the oxime, 
yidds oh saponification the Alkaloid arecaidin. iV-Ethyl-A^-piperUi*| 
delne-z^-aldeli^de, b.p.o.o6 SS""- * 
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(c) Hexahydropyridines, Piperidines.— 

Pentamethylene imine, boiling at 106*2° (A. 845 , 

277), is a liquid dissolving quite readily in water and in alcohol. 
Its odour is like that of pepper. It occurs attached to piperic acid 
(p. 285) as piperine in pepper, and is produced when piperine is heated 
together with alcoholic potash. It may be synthesized (i) by heating 
pentamethylenediamine hydrochloride; (2) by heating c-chlor- and 
c-bromamylamine with caustic potash (previously mentioned); and 
(3) by the reduction of pyridine, into which it passes when heated with 
sulphuric acid to 300°, or, better, with nitrobenzene to 260°, or by 
boiling with silver oxide or silver acetate in glacial acetic acid (B. 25 , 
1620). 

^vt)ecomposition of Piperidine. — The piperidine ring is ruptured in 
the following reactions: 

1. When piperidine is heated to 300'" with hydriodic acid it is con- 
verted into ammonia and w-pcntane. 

2. The oxidation of benzoylpiperidine (i) with potassium perman- 
‘ganate produces S-benzoylamino-^-valerianic acid {2), which, with 
caustic potash, produces 8-amino-w-valerianic acid (3) or homo- 
piperidinic acid (B. 17 , 2544) ; but piperidyl urethane, oxidized with 
nitric acid, yields carboxethyl-aminobutyric acid, which, with caustic 
potash, gives y-amino-butyric acid or piperidinic acid : 



N.COCaHg--^ 


(2) 

CH 


/CHjj.CIfaNHCOCeH 

^XCHj.COgll 




vClIj.CO.II 


3. On heating benzoylpiperidine with PCI5, the benzoyl-piperide 
chloride (i) first formed is split up to e-chloramyl-benzimide chloride 
(21^), which, on distillation, breaks up into ttc-dichloro- pentane {3) 
and benzo-nitrile (v. Braun, B. 37 , 2915, 3210; 44 , 1039): 


(1} /CHj.CHgv (2) /CHjj.CHaN : CClC.Hg 

Ch/ \NCClaC,H,->CHa< 

^sCHg . CH,/ \CHa . CH,C1 


3) /Cir,.CH,Cl ' 

CH / +NCC,II,. 

\CHa.CHXl 


Compare the analogous action of PCI5 upon dimethyl benzamide. 

4. The iV-alkyl and A^-amylpiperidincs are split up by cyanogen 
bromide to €-bromamyl-cyanalkylamines (B. 40 , 3914) : 


CH,/^ 


Br.CN 


/CHg— CHjBr 

N (R)CN 


The ease of decomposition depends upon the radicle attached to the 
nitrogen. 

5. Piperidine and methyl iodide form dimethylpiperidinium iodide 
(i), which moist silver oxide converts into dimethylpiperidinium 
hydroxide (2). This breaks down, on distillation, into dimethylpi- 
peridine, the A^-pentenyldimethylamine (3) and water. If A^-pentenyl- 
dimethylamine be converted into A«-pentenyltrimethylammonium 
hydroxide (4), and the latter be distilled, it will break down into pipery- 
lene or A®v-pentadiene(5), trimethylamilhe, and water (A. W. Hofmann, 
Ladenburg, B. 16 » 2058, and 42,2532; compare the decomposition of 



HYDROPYRIDINE DERIVATIVES 183 

the pyrrolidines). The diagram affords a review of the preceding de- 
composition reactions: 


(I) OT,CH^l 


(2) CH,CI^OH 
N 
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(4) CH,CH,CH, 

^ NOH ^ (s) N(CH,), 
-> CH, CH, CH, CH, 


CH, CH 
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Piperidine Derivatives . — As an imide base, piperidine is capable of 
forming a nitroso-compound, N-alkyl, and N-acyl derivatives. On 
the physiological action of piperidine derivatives, see B. 34 , 2408. 

Nitroso-piperidine,C5HioN.NO, b.p. 218“, from piperidinewith nitrous 
acid, is converted by reduction into pipeiyl-hydrazine, CgHj^N . NH„ 
b.p. 146°, which, on oxidation, yields dipiperidyl tetrazone (C5HioN)jN5, 
m.p. 45° (compare C. 1905, I. 1260). On the decomposition of nitroso- 
piperidine and its homologucs by electrolysis, see B. 31 , 2272, 2276. 

V-Methylpiperidine, C5H10NCH3, b.p. 107°; V-Ethyl-, V-Propyl-, 
V-fsoAmylpiperidine, b.p. 128°, 149°, and 187°; iV*Benzylpiperidine, 
b.p. 245“ (B. 32 , 2507); iV-Allylpiperidine, b.p. 152° (C. 1899, I. 1066). 
V'Phenylpiperidine, b.p. 258°, from <x«-dibromo-pentane and aniline, 
is, curiously enough, also obtained by heating piperidine with bromo- 
and iodo-bcnzene (compare B. 21 , 1921; 23 , 1388); N,a- and JV,/S- 
naphthyl-piperidine, b.p.35 215° and m.p. 58° respectively, from the 
naphthols with piperidine (B. 29 , 1175). 

By oxidation with H3O3 piperidine is converted into its oxide, 
CgHi,,: NH: O or C3H10: N.OH, m.p. sp”, b.p.55 no'’; this, with phenyl 
tsocyauatc, gives an o-carbanilido derivative, CjHjj : N . OCONHCjiJj, 
but on alkylation it gives A'-alkyl-piperidine oxides, which are also ob- 
tained direct from the iV-alkyl- piperidines with HjOj, and correspond to 
the dialkyl aniline oxides : iV-Methyl-piperidine oxide, : N(CH3) • 
iV-propyl-piperidine oxide, m.p. 105°, iV-benzyl-piperidine oxide, 
m.p. 148°. On heating with acids they easily give up their oxygen 
and regenerate the piperidines; on heating alone theiV-dkyl-piperidine 
oxides break up into piperidine oxide and olefines (B. 37 , 3228). 

On heating iV(^-chlorethyl)piperidine, lV(7-bromopropyl) piperidine, 
etc., the isomeric dicyclic ammonium salts are obtained (B. 32 , 850; 
84 , 357; 39 , 2875, 4347; 40 , 424; 42 , 545): 


CH 


/CH,.CH 

*\CH,.CH 


:>«C “<ch::c2:>Kch>“- 


w. 


Similar compounds, with a bearing upon the stereo-chemistry of 
nitrogen, have been obtained from ethylenedipipendinep CgHjoN.CH.,- 
CH2NC15H10, m.p. 4"", b.p. 263°, by combination with dkylene dibro- 
mides (B. 32 p 988; 36 , 3047; C. 1904, 1 . 673) : 


\CH, -CH*/ 

Br Br Br Br 
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Ethylene dipiperidinc with trimethylene bromide, and trimethylene . 
dipiperidine with ethylene bromide, give stereo-isomeric inactive 
compounds (compare B. 44 , 480). 

iV-Piperidyl-acetaldehyde, CgHioN.CHgCHO, m.p. 103® (B. 84 , 
2541). iV-Piperidylacetone,' .CU^COCH^ (C. 1900, II. 582). 

iV-Piperidylacetic acid, CBHioN.CHaCOgH + HgO, and homologues (B. 
81 , 2839; 32 , 722). 

- iV-Aoetylpiperidine, CsHioNCOCHa, boils at 226°. AT-Benzoylpiperi- 
dine, CgHigNCOC^Hg, melting at 48°, condenses when heated with ben- 
zaldehyde to dibenzyl-pyridine. Piperidylurethane, CgHipNCOaCgHB, 
boils at 211° (compare also C. 1898, I. 257). The oxidation of ben- 
zoylpiperidine and piperylurethane leads to the rupture of the piperi- 
dine nucleus. Pipeline, the alkaloid, is the piperide of piperic acid. 

The homologous fiperidines result when the homologous pyridines 
are reduced with sodium and alcohol. They are called pipecolines, 
C5H9(CH3)NH, lupetidines, CBH8(CH3)aNH, copellidines, CbH8(CH3)- 
{CaH5)NH, etc. (compare B. 28 , 2270). " 

The alkyl piperidines contain asymmetric carbon atoms, hence 
different members of this class of bases have been decomposed, by means 
of their bitartrates, into optically active components — e.g., a-pipecoline 
(B. 29 , 43 , 422), the copellidine, boiling at 163° (B. 29 , 1959), obtained 
from aldehyde collidine, and ^-propylpiperidine, boiling at 174° (B. 30 , 
1060), isomeric with coniine, which has been synthetically prepared 
from €-chloro-/ 5 -propyl-amylamine; a-ethylpiperidine, b.p. 143*^ (B. 38 , 
3483 » 3513), and i?-ethylpiperidine, b.p. 155^ (B. 31 , 2141). The great 
increase of optical activity on introducing cilkyl groups at the N-atom 
of the / 3 -alkylpiperidines is remarkable (B. 32 , 2520; 34 , 2420). aai* 
Dimetbylpiperidine, Lupetidines is obtained in a fissile racemic form, 
boiling at 133°, and in a meso-form, b.p. 128® (B. 32 , 2520; 34 , 2426). 
TJjhe same applies to aai-diphenylpiperidine, which is liquid in its racemic 
form, and melts at 71° in the meso-form, while the aa^-phenylmethyl 
piperidine occurs in two stereo-isomeric, optically fissile modifications 
(B. 38 , 2842; 34 , 1616). aa^-Tetramethylpiperidine, b.p. 156° (see 
C. 1905, 11 . 1185). 

Keto-derivatives of the Piperidine Series . — The S-lactams (Vol. I.) 
are a-keto-piperidines or a-piperidones. Among the 7-keto-piperidines 
are the following: 


>£H,-c(CH3)/ \ch,-c(CH3), / 

; *>¥pacetoncaniine. Vinyldiacetoneaimne. 


NH. CO 


/CH,-C1I(C,H,)\ 

\CH,-C(CH,)^ 

Benzaldiacetoueamine. 


NH, 


which result from phorone with NH3 and from diacetoneamine with 
acetaldehyde or benzaldehyde (compare B. 32 , 2244) . Triacetoneamine, 
oa^-tetrameihyl-y-ketopiperidiQe, is of special interest on account of its 

structural similarity with tropihe and tropinone,CH,K<^^^| 9 ^*|^^*^CO 
(see Atropine) ; as the latter gives tropinic acid, so triacetone-amine 
on oxidation gives the acid NH (A. 198 , 74). On 

reduction it gives triacetone-aIkamine,.fe<mwg%/-Ay(?roa:y-/>tj><f*<fi*t<;, 
05 Hj(CHJ 4(OH)N, which splits off water and passes into a pipeiidelne 
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called tfiacetonine. With bromine triacetone-amine yields dibiomo- 
triaoetone-amine, which is converted by ammonia into tetrameiliyl- 
pyrroline*carbozylic acid amide (see p. 38). With mercaptans, triace- 
tone-amine expels water and yields iriacetonine-y-al^l-sulphides — 
e.g.t C5H,j(CH 3)4(SC2H5)N. On the other hand, vinyl-diacetone-amine, 
oai-trimethyl-y-ketopiperidine, with mercaptans yields normal mer- 
captoles which can be oxidized to sulphonals (B. 31 , 3145). By the 
reduction of vinyl-diacetone-amine oximes, m.p. 151®, two stereo- 
isomeric y-aminotrimethylpiperidines, C5H7(CH3)3(NH2)N («-, m.p. 26°, 
b.p.22 85°; P-oil, b.p.22 83°) are formed, which, on treatment with 
nitrous acid, yield two stereo -isomeric vinyUdiacetone-alkamines, 
7-hydroxytrimethylpiperidines,C5H7(CH3)3(OH)N,m.p. I37°andi6i°, the 
latter of which is transposed by sodium amylate into the former. The 
mandelic acid esters of the corresponding A/'-methyl-vinyl-diacetona* 
alkamines, CH3N<^|^(^^^3)^|^]2>cHO.cocH(OH)Ce^^ are of interest, 

inasmuch as the ester in the stable isomeride (oil) is physiologically 
ineffective, whereas the ester from the unstable isomeride, melting at 
113°, is used as a mydriatic under the name of euphthalmine. 

C-Piperidine-sulphonic acid, (C5HioN)S03H, m.p. 188°, from 
piperidine and amido-sulphonic acid at 180® (B. 34 , 2757). 

The reduction of pyridine-alkines with Na and alcohol produces 
piperidine-alkines. From methyl-a-picoline (picolyl-alkine), we obtain 
a-pipecolyl-alkine, (CsH^qN) [a] CHgCHgOH, m.p. 39°, b.p. 234°, 
which on reduction with CrOg gives piperidyl-a-acetic acid, (C5HiQN)[a]- 
CH2CO2H, m.p. 214° (B. 36 , 2905). iV-Methyl-pipecolyl-alkine, on heat- 
ing with HCl, gives iV-methyl-a-vinyl-piperidhne, b.p.ja 60® (B. 34 , 1889). 

a-Pipecolyl-methyl-alkine, (C5HioN)[a]CH2CH(OH)CH.i, m.p. 57"", 
b.p. 226® to 229^^, on being deprived of water by means of P205» yields 
two stereo-isomeric a-propenyl-piperidines, (C.HiQN)[a]CH: CHC^J;^, 
m.p. 18°, b.p. 169°, and m.p. 15®, b.p. 167°, which have been split up 
into optically active components by means of the bitartrates (B. 42 , 
107). a-Pipecolyl-ethyl-alkine, C5HioN[a]CH2CH(OH)C2H5, m.p. 55®, 
b.p. 127°. 

The iodides obtained from a-pipecolyl-alkines by means of HI are 
converted by treatment with alkali and intramolecular alkylation 

into the bi-cyclic tertiary bases, j the so-called 

CH2.CH2.N — CH.l^ s 

conidines (B. 40 , 1310; 43 , 2048). In a similar manner the iodide 
obtained from y-pipecolyl-alkine, (C5H]oN)[y]CH2CH20H, b.ps«^}28°, 

yields the bi-cycUc quinucUdme, CH;^CH, CH An, b.p. 140", which is 

'CH2 .CHj 

of special interest on account of its structure similarity with the quinia- 
alkdoids (B. 42 , 124). /}-Ethyl*quinaclidine, b.p. 191°, is similarly 
obtained from <oy - hydroxy - /?y- diethyl -piperidine, (CsH,N)[/J]C2H5- 
[y]CH2CH20H, and has been obtained also in an active form (B. 38 , 
3049). a-Ethyl-piperyl-alkine, (C5HipN)[a]CH(OH)C4H5, m.p. 99'*, is 
the inactive form of conhydrine- It is formed by the reduction of o- 
pyridyl ethyl ketones with Na and amyl-alcohol, and passes on further 
reduction into {d +Q“coniine. * 
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<»->Hydioxy;-a-piopylpiperidine. (CgHioN)[a]CH2CHi.CH20H, b.p. 
248°, is formed by the reduction of o-pyridyl-acrylic acid ester with Na 
and alcohol. On splitting off water by means of concentrated SO4H2 
or P205it)delds a little a-allylpiperidine» (C5HioN)[a]CHaCH: CH^, b.p. 

171°, together with the bi-cyclic pipeiolidine> a!!* o!!* 

.CHj ^ 

b.p. 161°, which is also formed by reduction of piperolidonep 

. • /CHa. b.p. 126®, the lactam of a-pipendyl-propionic 

CHa.CHj.N .CO — ^ 

acid, (C5HioN)[a]CH2.CH2.C02H, m.p. 148®, which is obtained by 
the reduction of a-pyridyl-acrylic acid (B. 42 , 94, 3420). 

Fiperidine-)?-aldehydes have been obtained from piperideine alde- 
hydes by conversion into the 7-chloropiperidine aldehyde acetals by 
means of alcohol and HCl, and subsequent treatment with Na and 
alcohol. Piperidine-)?-aldehyde, (QH^qN . CHO)2, is only known in 
the bimolecular fonn. Its diethyl acetal boils at 55° (6*15 mm.) 
(B. 40 , 4695). iV-Ethylpiperidine-^-aldehyde, b.p.Q.g 44®, is also easily 
polymerized (B. 38 , 4170). 

Sodium and alcohols reduce the pyridine carboxyhc acids to piperi- 
dine carboxylic acids. 

Pipecolinic Acid, C5HjqN(COOH), melting at 261®, is resolved by 
the bitartrate into d- and /-pipecolinic acids, melting at 270° (B. 29 , 
2887). Hexahydroquinolinic Acid, C5Hj,N(COOH), has been obtained, 
similar to the hydrophthalic acids, in two stereo-isomeiic forms, melting 
at 227® and 253®, of which each in the form of its m>oso-componnd 
can be decomposed into two optically active forms (consult B. 29 , 
2665). Hexahydrocinchomeronic acid melts with decomposition at 
256® (B. 29 , 2187), 

The iodomethylate of A^-methyl-hexahydro-cinchomeronic acid is 
split up by alkali in a manner somewhat different from A^-methylpi- 
peridine iodo-methylate, as it forms a dimethylamino-cyc/o-pentane 
dicarboxylic acid (M. 23 , 269) : 


y'CH,.CH(COaH)\ (C£f,)aN.CH.CH{COaH)\ 

^ CH,— CH> 


CHCOjH(?). 


Quite similar behaviour is shown by the homologous cincho- 
loiponic acid, a disintegration product of cinclionine {q-v). 

aai-Piperidinedicarboxylic acid, from dibromopimelic acid with 
NH3 (see B. 34 , 2543). 

An hydroxy-carboxylic derivative of the piperidine series is Eu- 
calne, a tetramethyl-iV-methyl-y-benzoxy-piperidine-y-carboxylic ester, 

which has been recommended 

as an anaesthetic in the place of cocaine (C. 1896, II. 709). 

Many y-piperidine-/?)?i-dicarboxylic esters have been obtained by 
condensation of acetone dicarboxylic esters with aldehydes and NH, 
or primary amines (J. pr. Ch. 2, 85 , i) : 

COgR.CH,— CO— CH,.CO,R ^ CO.R.CH— CO— CH.CO,R 

R.CHO NH, OHCR ^ RCH— NH-CHR 
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Coniine^ or a-propylpiperidine, tropine, and ecgonine are other im- 
portant piperidine compounds. They are alkaloids or decomposition 
products of the latter. They will be discussed later, in the chapter 
relating to alkaloids. 

Condensed nuclei, obtained from pyridine, have been prepared 
in great numbers, and are arranged in the following groups: 
II. Quinolines, III. Condensed Quinolines — e.g., naphthoquinolines, 
anthraquinolines, phenanthrolines, quinoquinolines. IV. isoQuinolines. 
V. Phenanthridines. VI. Naphihyridines and Naphthinolines, 
VII. Acridines (carbazacridines, quinacridines). VIII. Anthrapyru 
dines. The vegetable alkaloids attach themselves as a distinct 
chapter to the preceding bodies. 

II. QUINOLINE GROUP. 

The quinoline bases, or benzopyridine group, occur with those of 
pyridine in bone-oil (coal-tar), and are obtained by distilling different 
alkaloids with lime. The parent substance of the group was first 
obtained by Gerhardt (1842) from the alkaloids quinine and 
cinchonine. 

As regards synthetic methods, reactions, and isomerides, quinoline 
is a naphthalene in which an a-CH-group is replaced by N. 

This was first shown by synthesizing quinoline from allylaniline. 
This is perfectly analogous to the synthesis of naphthalene from phenyl 
butylene (Konigs) : 

N— -CH 

C.Hj.Nll.ClIg.CH :ClIg -0*11 ^ 1 

X:iI---CH 

Allyl Aailiiic. Quinoline. 

A more direct proof of the constitution of quinoline was effected 
through its formation from hydrocarbostyril; PCI5 converts the latter 
into a dichloride, which upon heating with hydriodic acid yields 
quinoline (A. Baeycr, B. 12, 1320) : 

XHjs.CHjx .CH :CCk XH : CH. 

C.HX >00 > 0*H*( >001 > CsH*/ >CH. 

IlyOrocarbostynl. o^-DicliIor-qumolme. Quinoline. 

A " diagonal formula has been suggested for quinoline because 
of its production in the distillation of acridine: 



Owing to the intimate genetic relations prevailing between the 
quinoline and pyridine derivatives we must assume for the pyridine 
nucleus of quinoline the same linkages as in pyridine itself. Further 
more, later researches upon the formation of quinoquinolines from 
quinolines afford additional proof against the diagonal formula " 
(A. 278, I). 
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Isomerisms of the Quinoline Derivatives : 

We represent the three replaceable hydrogen atoms of the pyridine 
nucleus in quinoline by a, p, and y ; those of the ^)enzene nucleus with 
I, 2 , 3 , and 4: 



The positions i, 2, 3, referred to the N-atom, correspond to the 
ortho-, meta-, and para-positions of the benzene derivatives; 4 is 
known as the -^wrt-position. These positions are designated as the 
affinities of the benzene nucleus with 0-, w-, p-, and a. Another 
nomenclature designates the affinities of the pyridine nucleus as Py-i, 
-2, and -3; those of the benzene nucleus as B-i, -2, -3, and -4. Conse- 
quently, seven mono-derivatives of quinoline are possible (B. 19 , R.443). 
v/ Syntheses of the Quinoline Derivatives: 

The condensation of the ortho-amino- compounds of such benzene 
derivatives as have an oxygen atom attached to the third carbon atom 
of the side-chain. 

In this way we obtain quinoline from o-amino-cinnamic aldehyde, 
coH» a-methyl-quinoline from o-amino-styryl methyl 
ketone, and a-hydroxy-quinoline (carbostyril) fiom o-amino-cinnari)ic 
acid. 

^ 2. The condensation of o-aminobenzaldehyde or o-aminobenzo- 
ketones with substances containing the group — CHj — CO-— 
aldehydes, ketones, acetoacetic ester, malonic estei) to quinolines by 
means of sodium hydroxide is dependent upon the intermediate forma- 
tion of such o-amino-derivatives (Friedlander, B 16 , 1833; 25 , 1752): 


/CHO CH3 

C,H 4 < + 1 

COXH 3 

o-Aini notH'nzaldeh yde. Acetoue. 


Cll-CH 
''N Cm 3 

a-Mc t hylqu uio^ 


y-Hydroxyquinolines are similarly formed from anthranilic acid with 
aldehydes, ketones, etc. (Ch. Zt. 17 , Rep. 258 ; see also B. 28 , 2809), 
and cinchoninic acid from isatinic acid with aldehydes (J. pr. Ch. [2], 
66 , 263). Also hydroxyquinolines from o-acyl- amino-acetophenone 
(B. 32 , 3228; C. 1900, I. 426). 

The synthesis of quinoline from o-toluidine and glyoxal and that 
of ^-hydroxyquinaldine from o-toluidine and pyroracemic ester are 
similar (B. 27 , 628; 28 , R. 743): 


yCH, OCH 

CoH / 4. 1 - 

OCH 


/CH CH 

1 

CH 


/ 3. The production of quinoline and its derivatives substituted in the 
benzene nucleus by heating anilines with glycerol and sulphuric acid 
to about 140°, with the addition of nitrobenzene, or, better, arsenic 
acid (B. 29 , 7 ^ 3 )i 3 ^ the oxidizing agent. This method is of universal 
ajqplication, and can be very readily executed (Skraup) : / 


+C,H80,=C9H,N +3H,0 +H,. 
Aniline. GlyccroL Quinolioc* 
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It is very probable that acrolein first results, this then combines 
with the aniline derivative yielding acrolein-aniline, which is oxidized 
to the quinoline derivative by the elimination of two hydrogen atoms 
by sulphuric acid. The halogen, nitro-, hydroxyanilines, toluidines, 
etc., behave similarly. The naphthylamines yield the naphthoquino- 
lines; and the diamidobcnzenes, the phenanthrolines. 

Instead of using a mixture of the aromatic aniline and nitrobenzene, 
the corresponding nitro-body alone can be employed, which then is 
reduced in part by the hydrogen arising in the reaction. The first 
synthesis of this description was the preparation of alizarin blue from 
nitroalizarin, glycerol, and sulphuric acid (A. 201 , 333). The following 
may be regarded as further generalizations of these syntheses: 

4. (a) Quinolines substituted both in the benzene and pyridine 
nucleus can be produced in the condensation of anilines with aldehydes, 
aided by sulphuric or hydrochloric acid (Quinaldine syntheses of 
Doebner and v. Miller). Aniline and acetaldehyde yield a-methyl- 
quinoline or quinaldine : 

/CH : CH 

CJIj.NIT, -!- 2 (:jI ,0 1 + 211,0 +H,. 

^N:C(CH,) 

a-Methylquinohnc. 


All aldehydes of the formula CHO.CH2R react like acetaldehyde. 
The first step in the reaction consists in twp molecules comb inin g to 
unsaturated aldehydes, CHO.CR:.CHXHaR,J)r condensing to aldols 
corresponding to them. These then act upon the anilines and form 
quinoline bases with a CH^-group in the a-position. 

It is very probable that alkylidene anilines formed at first change 
to dimolecular, aldol-like condensation products, which split off aniline 
and become quinaldines (B, 25 , 2864; 29 , 59; compare formation 2 of 
the indols) : 

— - CH=Clf 


2CH3.CH : NC0H3-- 


C«H,NH 


1 

cn.cH, 


— CjHsNIIb, 
^ — 2H“ 


> C, 




;cH, 


The hydrogen set free sometimes occasions a partial reduction of the 
reaction product to tetrahydroquinoline derivatives. 

(6) Instead of two molecules of the same aldehyde, a mixture of two 
aldehydes, or an aldehyde with a ketone, may be used ; in the latter case 
a,y-di- or a, ^,y-trialkylquinolines are formed (C. Beyer, B. 20 , 1908) — e.g,: 


CH 


3 


CH, 


Cell, CO— CH, > /C = CH 

\ Cetl/ 1 

NH, +CHO .CH, -C .CH, 

a,y<Dimethylqumoline. 


(c) a-Alkylcinchoninic acids (a-alkylquinoline-y-carboxylic acids) are 
produced by the interaction of a mixture of pyroracemic acid and an 
aldehyde upon aniline (B. 281 , i) : 


CgHj.NH, 


CO,H 

+io.CH„ 



CHO.R 
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This is a reaction which, particularly when naphthylamine is sub- 
stituted for aniline, proceeds so smoothly that the production of 
naphtho-cinchoninic acids may be applied as a test for the detection 
of aldehydes in mixtures. Pyroracemic acid alone, when heated with 
aniline, yields the a-methylquinoline-y-carboxylic acid (aniluvitonic 
acid), together with phenyllutidone; this is because aldehyde is formed 
from one molecule of the pyroracemic acid. 

_ if) ^-Chlorethyl ketones, like CHnClCHjCOCHj, give, on heating with 
aniline and aniline hydrochloride, in the presence of alcohol, y-alkyl 
quinolines, with intermediate formation of j 3 -anilino-ethyl ketones: 


C,H. 


fH RCO.cn, rC(R):CH 

InH ^CII, ' -Cfl 


{e) ^-Diketones, with anilines and dehydrating agents, give 
quinolines (compare B. 36 , 2448, 4013) : 


C.H, 


(H (CH,)COCH, 

1 + 1 ' 

iNH, COCH. 


>c.n. 


|C(CII,) :CH 

In — - ccH, 


^ 5 * Hydroxyquinoline derivatives are obtained from aniline deriva- 
tives of ^-ketonic acids and / 5 -dicarboxyhc acids by a ring forma- 
tioiv(L. Knorr, B. 17 , R. 147; A. 236 , 112). 

'^{a) Acetoacetic anilide (from aniline and arctoacelic ester when 
heated to no®), acted upon with concentrated acids, forms a-hydroxy- 
y-methylquinoline (y-methyl carbostyril) (Knorr, A. 236 , 112): 


OC(Cll3)CH2 X(CJr3) :CH 

I ---CJiy I fK,0. 

CeHgNH.CO - - C(OHi 

^ Acetoacetic Anihde. y-Methyl-a-hydroxyquiuohne. 

Methyl acetoacetic anilide by the same treatment yields ^,y-dimethyl 
carbostyril, and acetoacetic methyl anilide gives the methyl derivative 
of y-methyl pseudo-C2ir\>osiyn\, 

(b) On the other hand, ^-anilino-crotonic ester, formed at the 
ordinary temperatures, yields y-hydroxy-a-methylquinoline when 
heated to 240® (Conrad and Limpach, B. 24 , 2990) : 


RO.CO.CH /C(OH) ; CH 

II > CeH*( 1 

CeHg .NH :C .CH3 nN -C .CH3 

^-Anilino-crotonic Ester. a-Methyl-y-hydroxyquinohne. 

Benzoyl acetic ester, acetone dicarboxylic ester, etc., react similarly. 
Instead of aniline, homologous anilines, antivanilic acid, or phenylene 
divine can be used (B. 31 , 2143; 33 , 3439) 38 , 2044). Benzanilide- 
imide chloride and sodium malonic ester yield anilbenzoylmalonic 
ester, which condenses to a-phenyl-y-hydroxyquinoline-zS-carboxylic 
ester (B, 19 , 1541) : 


RO.CO.CH .co,R 
C,H. I 

\N - CC,H. 

Anilbencoyl Malonic Ester. 


.C(OH)=C.COjR 

»- Phenyl- v.hydroxyquinolin e>^<carbozylic Estn. 
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Phosphorus pentachloride converts malonanilic acid into a,p,y- 
trichlorquinoUne (B. 18 , 2975 ; 20, 1235) \ the alkyl malonic acids react 
similarly. 

6. The conversion of indoles and alkyl indoles into trialkylic dihydro- 
quinolines, analogous to that of pyrroles into pyridines by alkyl iodides, 
has been described above. y?-Bromo- and chloroquinaldines are pro- 
duced on heating methylindole with sodium alcoholate and CCI3H 
or CBrgH (B. 21 , 1940). a-Methylindolc yields quinoline on conducting 
its vapour through incandescent tubes (B. 38 , 1949). 

Behaviour. — The quinoline bases are liquids which dissolve with 
difficulty in water, readily in alcohol and ether, and possess a penetrat- 
ing odour. Like the pyridines, they are tertiary bases, and like them 
form: 

1. Salts and double salts (see mercury salts, B. 28 , R. 617). The 
platinum double salts are not changed by boiling {cf. p. 164). 

2. Ammonium- {quinolinium-) compounds are formed by their 
union with alkyl iodides. The additive power for alkyl iodides is, 
however, limited by the character of the substituents present in the 
quinolines (B. 24 , 1984). On heating the quinoline iodalkylates, they 
partly decompose into alkyl iodide and quinoline. 

3. Quinoline, like pyridine, is but slightly attacked by nitric acid 
or chromic acid. Potassium permanganate, however, destroys the 
benzene nucleus in it, with production of a,p-pyridincdicarhoxylic acid 
(quinolinic acid). 

The homologous quinolines, containing the alkyl groups in the pyri- 
dine nucleus, and those containing the substituents in the benzene 
nucleus are oxidized by chromic acid in the presence of sulphuric acid 
to the corresponding quinoline carboxylic acids, while potassium per- 
manganate, on the other hand, usually oxidizes those substituted 
in the benzene nucleus, with the formation of pyridinepolycarhoxyj^io 
acids (B. 23 , 2252). 

Potassium permanganate converts the a-alkylquinolines, by the 
destruction of their pyridine nucleus, into acid derivatives of o-amino- 
benzoic acid. By this treatment a-phenylqui noline yields benzoyl 
anthranilic acid (B. 19 , 1196). 

The pyridine nucleus is similarly ruptured by the oxidation of the 
quinolinium compounds. 

4. The pyridine nucleus of the quinolines, when reduced with zinc 
and hydrochloric acid, takes up four atoms of hydrogen, with the pro- 
duction of tetrahydroquinolines. Decahydroquinoline finally results 
by more energetic reduction. 

The number of known quinoline derivatives is very great. To a 
certain extent they have a technical value as antiseptics, antipyretics, 
dyes, etc. Only the more important members of this group will receive 
consideration in the succeeding paragraphs. 

Quinoline, C^H^N, is a colourless, strongly refracting liquid, with 
penetrating odour, which possesses a powerful antiseptic action. It 
boils at 239®; its sp. gr. = 1-095 at 20®. It occurs in bone-oil and coal- 
tar. It results when many alkaloids are distilled, and is best prepared 
synthetically by Skraup's rnettod — Le., boiling a mixture of 38 granas 
aniline, 100 grams sulphuric acid, 24 grams nitrobenzene or arsenic 
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acid, and 120 grams glycerol for several hours (B. 14 , 1002; 27 , 574; 
29 , 704). 

It forms crystalline and very soluble salts with one equivalent 'of 
acids; the characteristic bichromate, (CgH^NojCraO^Hg, dissolves with 
difficulty and forms yellow needles, melting at 165°. ^ 

Quinoline betaine, CgH^N.CHg.CO.O, melts at 171°. Its hydro- 
chloride is formed from quinoline and chloracetic acid. Di-, tetra-^ 
hexa-, and decahydroquinolinc result from the reduction of quinoline. 

A Ikyl - qiiinolinium Compounds. — Quinoline-methiodide, Cj^H^N . - 
JCH3 + H2O, m.p. 72® (anhydrous, m.p. 133°), quinoline-ethiodide, 
m.p. 159°. The hydroxides soluble in water which are first formed 
from the alkyl-quinolinium iodides with alkalies are unstable with the 
exception of the amino- and hydroxy-quinolinium bases. In this respect 
they resemble the pyridinium hydroxides, and, like the latter, they 
isomerise into non-conducting a-hydroxy-dihydroquinolines (pseudo- 
bases), insoluble in water. These also are mostly reactive, and soda 
converts them by simultaneous processes of oxidation and reduction 
into iV-alkyl-a-quinolones and iV- alkyl tetrahydroquinolines ; with 
alkaline solution of potassium ferricyanide nothing but the AT-alkyl-a- 
quinolone is produced (A. 282 , 363; B. 36 , 2568). 

Acids reconvert them into the original quinolinium salts: 




NaOH 
> 

< yj-j - 


„ /CH -- cn 

" *|N(CIla).Cn(OH) 


C.H 


fcH CH 
*!N(CHa).CO 


The a-hydroxydihydroquinolines are distinguished by a remarkable 
reactivity of the hydroxyl group. Thus, on boiling with alcohols they 
yield the corresponding alkoxy-compounds or alcoholates. They also 
e^foel water and react with aniline, phenylhydrazine, hydroxylamine, 
and such compounds as contain a methylene group capable of reaction 
(B. 44 , 680; J. pr. Ch. [2], 84 , 219). For this reason the open formula 
of the o-alkylamino-cinnamic aldehydes has been considered for the 
a-hydroxydihydroquinolines : 

fCH— CH ^ CH 

• Hn(CH 3).CH(OH) UNH(CHa).CHO’ 

with the assumption of a ring-splitting, as observed in the case of 
dinitrophenyl-pyridinium chloride. In some cases the rupture of the 
quinoline-ring has been proved with certainty. Thus the action of 
benzoyl-chloride and soda upon quinoline produces o-benzoylamino- 
cinnamic aldehyde (B. 38 , 3415) : 

rCH=CH C,H.C0C1 rCfl-CH.CHO 

CH 4Nldir" ^•^•iNHCOCaHa * 

The a-phenyl-quinoline-methiodide yields with soda an easily re- 
active hydroxydihydroquinoline, which is oxidized even in the air to 
o-^ethylanxino-dibenzoyl-methane (B. 44 , 2670) : 

rCH^=CH • fCO CH, 

CtHii . . (?) ►C.hJ 

lN(CH,)I ; C.C,H, l,N(CH,).C(OH)C,H, tNH(CH,) COC,H* 
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' The great reactive power of the hydroxydihydroquinolines and the 
condensation power of the methyl group in a- and y-methyl-quinolines 
is probably the cause of the formation of the magnificent blue and red 
dyes of the cyanines, isocyanines, and apocyanines. The former are 
obtained by the action of alkali upon mixtures of quinoline-iodalkylates^ 
with lepidine- and quinaldine-iodalkylates, while the latter result from 
treating quinoline-iodalkylates alone with alcoholic potash. These 
dyQS, of as yet unknown constitution, are used in photography as 
sensitizers for producing ortho-chromatic plates (B. 37 , 2821; 41 , 3054; 
44 , 690; J. p. Ch. [2], 73 , 100; 84 , 239). 

Related to the transposition of the quinolinium hydroxides into 
hydroxydihydroquinolines are the following transformations of the 
quinoline-hdogen-alkylates : 

(a) With alkyl-magnesium haloids they produce Ar,a-dialkyl-di- 
hydroquinolines (B. 42 , iioi): 

fCH~^CK ciuw ^ „ fCH 

* * lN(Cn3)I .CH ® HN(CH,) .ch .CHa 

{b) With potassium cyanide the transposition of the quinolinium 
cyanides probably fonned in the first instance produces unstable 
N-alkyl-dihydro-cinchoninic acid nitriles which, on oxidation with 
potassium ferricyanide, pass into iY-alkyl-y-cyano-a-quinolones, and 
by treatment with iodine solution into iodalkylates of the cinchoninic 
acid nitriles (B. 44 , 2058) : 

JCH- CH __KC^^ ^ fCH(CN)-CH I ^ rC(CN)---— CH 

® Hn(CH3)I:CH ® ^HN(CH3)— CH ® Hn(CH,)I:CH 

It is remarkable that the action of benzoylchloride and potassium 
cyanide produces iV-benzoyl-dihydro-quinaldinic acid nitrile (B. 38 , 
1606). • 

Homologous Quinolines, — The seven isomeric methylquinolines are 
all known. The four quinolinCvS, methylated in the benzene nucleus, 
sometimes called toluquinolines or methylbenzoquinolines, are obtained 
by the reaction of Skraup from the three toluidins : o-methylauino- 
line boils at 248°, the para at 257°, the meta at 248°, and the ana 
at 250®. 

a-Methylquinoline, Quinaldiinet CgH^N(CH3), boiling at 247°, occurs 
in coal-tar quinoline {25 per cent.) (B. 16 , 1082). It is produced by 
the various S3mthetic methods, by the reduction of y-hydroxyquinal- 
dine, and by fusing ethylacetanilide, C3H5N(C2H5).C0.CH3, with zinc 
chloride (B. 23 , 1903). It may also be obtained by digesting aniline, 
paraldehyde, and crude hydrochloric acid for several hours (B. 16 , 
2465). For its salts, see B. 41 , 2701. 

i^-Methylquinoline, C9H3{CH3)N (B. 20, 1916), boils at 253'', and 
melts at io®--i4®. is formed by heating o-aminobenzaldehyde 
with propionic aldehyde to 220° (B. 42 , 1144). 

y y-Methylquinoline, Lepidine, occurs, together with quinoline and 
quinaldine, in coal-tar, and is obtained on distilling cinchonine with 
caustic potash. It may be synthetically prepared. It boils at 257®. 
Chromic acid oxidizes both methylquinolines to the corresponding 
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quinoline monocarboxylic acids. Potassium permanganate produces 
pyridine tricarboxylic acids. 

a,i?-Dimetliylquinoline, C9H5(CH3)2N, boils at 261° (B. 22 , 267). 

a^y-Dimethylquinoline, boiling at 266°, is made from acetyl acetone 
and aniline, as well as from dihydrotrimethylquinoline, which is pro- 
duced by the interaction of indole and methyl iodide (C/. pp. 28, 19 1). 

/ 9 ,y-Dimethylquinolme, from i 5 ,y-dimethyl carbostyril, melts at 65° 
and boils at 290°. 0- and p-Toluquinaldine, C9H5(CH3)2N (B. 23 , 3483). 

a-Ethylquinoline, C9H6{C2H5)N, boils at 255‘'-26o°, ^-Ethylquino- 
line at 265®, They result on heating ethyl quinolinium iodide to 
250° (analogous to the formation of alkyl pyridines, p. 164). y-Ethyl- 
quinoline boils at 27o°-275°. 

y-Propylquinoline, b.p.jA On trimi thylquinolines, see B. 21 , 

R. 138. /?-Ethyllepidine, C9H^N[/?,y](C2H5)(CH3), and its derivatives 
(see B. 31 , 2143). 

As in the case of the a- and y-alkylnyridines, so also in the quino- 
lines, CH3- and CHoR-groups in the a- and y-positions are capable of 
condensations with aldehydes and phthalic acid anhydrides. 

With quinaldine, formaldehyde gives Methylolquinaldine, Quin- 
aldinealkine, C9HfiN-a-CH2CH20H, m.p. 105°, Dimethylolquinaldine, 
Qiiinolylpropanediol, (C9HgN)CH(CH20H)2, m.p. 117°, and Trimethylol- 
quinaldine, (C9H3N)C(CH20H)3, m.p. 143''; but if substitution is in the 
/^-position, the a-methyl group only takes up the two methylol groups, 
forming /i-methyl-dimethylolquinaldine, C9 H - N [p] C H3[a] CH(C 1 1 S ) H) 3, 
m.p. 107®. Similarly, lepidine yields, besides methylollepidine, 
C9H6N[y]CH2CH20H, an oil, only dimethylollepidine, C9H,.N[/jCH- 
(CHgOHjo, m.p. 128®; in the a,y-dimethylquinolinc only the CH^- 
group in the a-position reacts in the first instance. y-Methyl 
metl^lol- and dimethylolquinaldine, m.p. 98® and 140®; chloral and 
phthalic acid anhydride (see below) ^so react with the a-methyl 
group (B. 37 , 1322). Elimination of H2O converts quinaldmealkinc 
into a-vinyl quinoline, (C9H9N)CH; CHg. The quinoline-propanediols, 
reduced with HI, yield y- and a- isopropyl-quinoline (B. 32 , 223). 

According to the conditions, benzaldchyde produces with quinaldine 
and lepidine either benzylidin-quinaldine and -lepidine, (CyH^Nj-a- and 
-y-CH: CHC5H5, m.p. 100® and 92® respectively, or benzylidene- 
diquinaldine and dilepidine, (C9HaN.CH2)2CHCeH5, m.p. 156° wath dec. 
and 218® respectively. The reduction of bonzylidene-quinaldine and 
-lepidine produces benzyl-quinaldine and -lepidine, m.p. 30® and lui® 
respectively, which again can combine with 2 or i molecule formalde- 
hyde (B. 32 , 3599)- 

With chloral, lepidine condenses to lepidine chloral, (C9lIgN)CH2CH- 
(OH)CCl3, m.p. 175°, and, with special readiness, quinaldine to quinal- 
dine chloral, C9H^N-a-CH2CH(OH)CCl3, m.p. 144®, which, with alkali, 
yields a-quinolyllactic acid, (C9H3N)CH2CH(OH)COOH, and a-quinolyl 
acrylic acid, (C9H(jN)CH : CHCOOH. With concentrated sulphuric acid, 
quinolyllactic acid gives quinolylacetaldehyde, (C9HeN)CH2CHO, m.p. 
104®, and by oxidation, a-quinolyl-acetic acid, (C9H9N)CH2COOH, 
m.p. 275®. Chloral lepidine with alkali gives quinolyl-y-acrylic acid, 
m.p. 25o®-255® with dec., which, on reduction with HI and P, gives 
quinolyl-y-propionic acid, m.p. 203® (B. 37 , 1337). 
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/ On heating with phthalic acid anhydride to 220®, quinaldine 
yields a yellow dye called quinophthalone, (C«H6N)CH<^^>CeH4, 
m.p. 241°. At a lower temperature the isomeric quinsddylidene 

phthalide or isoquino-phthalone, (CgHgNICH; C.CgH^COO, m.p. 187°, 
IS formed, which is converted into quino-phthione on heating to 
250° or treating with sodium ethylate (B. 37 , 3006). Compare the 
conversion of benzylidenephthalidc into phenyl-diketohydrindene.- 
Quino-plithalono-sulphonic acid is called Quinoline Yellow, a silk 
and wool dye. For quinaldine and phthal-aldehydic acid, see B. 29 , 187. 

With oxalic ester and potassium ethylate, quinaldine and lepidine 
condense to the yellow quinaldineoxalic ester and lepidineoxalic ester, 
(C9HgN)CH : C(0H)C02C2H5, m.p. 131° and IPS'", which in alkalies 
form a yellow solution, but in acids a colourless solution, probably with 
conversion into the keto-form (B. 42 , 1140). 

a-Phenylquinoline, C9Hg(CgH5)N, is obtained from cinnamic 
aldehyde and aniline upon heating them with hydrochloric acid to 
200°. It melts at 84*^ and boils at 363°. Potassium permanganate 
oxidizes it to benzoylanthranilic acid. i?-Phenylquinoline is an oil, 
which solidifies on cooling (B. 16 , 1836). 

y-Phenylquinoline is formed from its acid. It melts at 61'’. It is 
closely related to the quinia alkaloids (B. 20 , 622). Sec B. 27 , 907, 
for yoQuinolyl phenols. 

Nitrophenylquinoline, NOgCgH^.CgHgN, melting at 159°, is formed 
from isodiazonitrobenzene and quinoline (B. 29 , 168). 

y - Phenyl - a - methylquinoline, y-phcnylquhialdine, Cc)H5(CgH5)- 
(CHj)N, results by the condensation of benzoylacetonc with aniline 
(B. 20 , 1771). It melts at 99® and yields y-phenylquinoline-'a-carboxylic 
acid when its phthiilone is oxidized with chromic acid. This sew 
acid affords y-phenylquinoline. 

a-Phenyl-y-methylquinoline is produced (B. 19 , 1036) by distilling 
flavenol with zinc dust. It melts at 65°. * 

Its _/)>amino-derivative, Flavaniline, applied as a beautiful yellow 
dye (B. 15 , 1500), is a-Aminophenyl-y-methylquinoline, €9115(0113)- 
(CgH4NH2)N. It results in the condensation of o-aminoacetophenone 
and ^-aminoacctophcnone when digested wdth zinc chloride (B. 19 , 
1038). Its monacid salts are yellow in colour, and have been used as 
dyes (B. 15 , 1500). Nitrous acid converts it into so-called Flavenol, 
C9H5(CgH40H)(CH3)N, a,^-Hydroxyphenyl-y-metliylquinoline. On 0- 
flavaniline, see B. 32 , 3231. 

Various isomeric diquinolyls, (C9HgN)2, have been prepared by 
boiling quinoline with sodium; further, by conducting its vapours 
through tubes heated to redness, and finally from benzidine and other 
diamiiiodiphenyls through Skranp’s quinoline synthesis (I\I. 8, 121; 
B. 17 , 1965; B. 20 , 634; B. 38 , 762; A. 287 , 38, etc.). 

Diquinolylquinoline, C9H7N.C9HgN.C9H7N, melting at 15 1®, is 
formed from y-acetacetyl quinolin, C9H7N.COCH2COCH3, with two 
molecules of o-amino-benzaldehyde (B. 29 , R. 845). 

Triquinolylmetbane, CH(G^HgN)3, melting at 202®, is obtained from 
pararosaniline by the reaction of Skraup (B. 24 , 1606, 2267). 
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Halogen, Sulpho-, and Nitro-Derivatives of the Quinolines . — All those 
containing the substituents in the benzene nucleus are prepared by the 
methods in use for the introduction of such groups into benzene and 
naphthalene. Or the corresponding substituted benzene derivatives 
are subjected to the quinoline syntheses given above. It is more diificult 
to introduce the halogens, the nitro- or the sulpho-groups into the 
* pyridine nucleus of quinoline. Py-Chlorine derivatives of quinoline are 
chiefly made by the action of PCI5 upon Py-hydroxyqiiinolincs. a- 
Chloroquinolines are also formed from iV-alkyl-a-quinolones with 
phosphorus chlorides (B. 32 , 1297; 35 , 3678). The ready mobility of 
the halogen atoms occupying the a- or y-positions in quinoline is very 
remarkable. They can be easily replaced by OH, NHR, etc. 

a-Chloroquinoline, CgHgClN, melting at 38'' and boiling at 267°, is 
prepared from carbostyril, iV-methyl- or A^-ethyl-quinolone, and PCI5 
(B. 16 , 333). i?-Chloroquinoline, boiling at 255°, is produced from 
quinoline and sulphur chloride along with the compound called thio- 
quinanthrene, (C9H5N)2S2, and trichloroquinoline (B. 29 , 2456). 
a-Bromoquinoline melts at 49° (J. pr. Ch. [2], 41 , 41). /^-Bromo- 
qninoline, melting at 13° and boiling at 276°, results from the action 
of sulphur bromide upon quinoline or by heating quinoline hydro- 
chloride with bromine (B. 27 , R. 732; 25 , R. 422; 29 , 2459), 
y-Chloroquinoline, melting at 34®, is obtained from kynurine and also 
from y-aminoquinoline (B. 27 , R. 748). y-Bromoquinoline results 
when PBr^ acts upon kynurine (B. 27 , R. 732). a-Iodoquinoline 
iodomethylate, C9H9IN.ICH3, melting at 212®, is produced when 
methyl iodide acts upon a-cliloroquinoline (A. 282 , 37b). a-Methyl-/)- 
chloroquinoline, melting at 72®, is produced from methylindole, CCI3H, 
and sodium alcoholate (B. 21, 1942). a,/?-Dichloroquinoline, melting 
at 105°, results in the action of PCI5 upon hydrocarbostyril. a,p,y- 
Tri&loroquinoline, C9H4CI3N, melting at 107®, is formed from malon- 
anilic acid and PCI5 (B. 17 , 737) (II, 108). 

Amino-quinolines, substituted in benzene nucleus, are produced 
in the reduction of the corresponding nitroquinolines. The Py-a- and 
y-amino-quinolines result upon heating a- or y-chloro- (bromo-) quino- 
lines with amines or ammonia. 

a-Amino-quinolines are also obtained by synthesis from o-amino- 
cinnamic acid nitriles (B. 32 , 3399) : 


/CH:CH.CN 
'• ‘\NH 


•> 




. (2 Q H 

.• * 

N= C— NH 

— ^by reduction of oo"-dinitro-cyano-dibenzyl, N02C6H4CH2CH(CN)- 
C9H4NO2. 

a-Aminoquinoline, (C9HgN)NH2, m.p. 120®, from cinnamic acid 
nitrile with sodium ethylate (see above), from a-chloroquinoline, on 
heating with ammonia and ammonium carbonate to 200® (besides 
carbostyril), and by reducing disintegration of a-phenyl-hydrazido- 
quinoline or hydrazoquinoline (see below) jj. pr. Ch. [2], 66, 204; B. 81 , 
1297), is hydrolyzed by cone, alkalies into NH3 and carbostyril; its 
m^hiodide, m.p. 247®, is also obtained from a-iodoquinoline-methiodide 
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with NH3 (A. 282 , 380). a-Anilinoqiiinoline, (C9H3N).NHC3H5, m.p. 
98°, from a-chloroquinoline and aniline at 200®. 

a-Amino-/?-phenylauinoline, (C9H5N)(NH2)(C8H5), m.p. 156^ (corr.), 
is obtained on reducing a-phenyl-o-nitrocinnamic acid nitrile, or on 
condensing o-acetamino-benzaldehyde with benzyl cyanide. 

/ 9 -Aminoquinoline, (CgHeNINHa, dimorphous, m.p. 84° and 94°, 
from ) 5 -quinoline-carboxylic acid amide with NaOBr (C. 1910, 1 . 2102). 
/ 7 -Aminoquinaldine, m.p. 160°, is formed by Beckmann’s transposition 
iFrom the oxime of ^-acetylquinaldine (B. 40 , 3425). 

y-Aminoquinoline, (C9HqN)NH 2 + HgO, m.p. 70® (anhydrous 154°), 
is formed from cinchoninic acid amide with bromine and alkali (J. pr. 
Ch. [2], 56 , 181). 

y-Aminoquinaldine, CgIi5(CH3)N(NH2), m.p. 270° (B. 21, 1980). 
/>-Methoxy-y-aminoquinoline, C9H5(OCH3)N(NH2), m.p. 120®, from 
quinic acid amide with KOBr (B. 29 , R. 674). 

Quinolyl Hydrazines arc obtained from the a- and y-chloro-quinolines 
by heating with hydrazine or phenylhydrazincs (B. 24 , 2817; 33 , 1885). 
a-Quinolylhydrazine, (C9H(jN).NH.NH2, m.p. 135®, in certain reactions 
behaves as a hydrazidine, giving the so-called naphtriazole (i), m.p. 175°, 
with formic acid, and naphtetrazole (2), m.p. 157°, with nitrous acid: 

CHrCll.C-N-x, ^(i) CH:C11 .C:Nx\H4 ( 2 ) CH:CII.C^N\^ 

The naphtetrazole is quantitatively converted into tetrazole by oxida- 
tion with KMn04 (B. 33 , 1890). 

a-Lepidylhydrazine, [C9H3(CH3)N]NHNH2, m.p. 146®. y-Quin- 
aldylhydrazine, m.p. 118°, a-Hydrazoquinoline, (C9H^N)NH.NH(C9H9N), 
m.p. 229®, and a-hydrazolepidine, m.p. 265®, are formed, besides the 
hydrazines, on heating the a-chloroquinolines with hydrazine hydrate. 
On oxidation they give a-azo-quinoline and -lepidine, m.p. 230®, and 
235® respectively, and by reduction with zinc dust and HCl a- amino- 
quinoline and -lepidine. 

a-Benzenehydrazoquinoline, (C9H9N)NHNHC9H5, m.p. 191®, gives 
on oxidation benzeneazoquinoline, m.p. 93° (B. 24 , 2817). 

Hydroxyquinolines. — The hydroxyquinolines manifest the character 
both of bases and of phenols. Those containing the hydroxyl in the 
benzene nucleus, called also quinophenoles or oxybenzoquinolines, are 
synthesized from the three aminophenols by Skraup’s and Ddbner- 
Miller’s reactions; also by reduction of the B^-nitroquinolines, or 
from the quinoline sulphonic acids by fusion with caustic potash 
(B. 28 , R. 912). Into the hydroxyquinolines thus obtained further 
hydroxyl groups can then be introduced by fusion with potash. 

i-Hydroxyquinoline, CgH3{OH): (C3H3N), is most readily prepared 
from i-quinoline sulphonic acid (B. 16 , 712). It melts at 75® and boils 
at 266®. From it is obtained i-Ethoxy-4-acetaminoquinoline, analgene, 
C9H2(0C2H3)(NH.C0CH3): (C3H3N), melting at 155®, which has been 
recommended for the alleviation of pain. />-Hy&oxyqainoline, m.p. 
194®, is also formed from xanthoquinic acid by rejection of COg,' the 
iodoalkylates of ^-hydroxyquinolinc yield stable quinolinium hy- 
droxides, while the /»-alkoxy-quinolines behave in this matter like the 
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other quinoline derivatives (B. 36, 456 , 1169 ). Loretin, used as a 
substitute for iodoform, is an m-iodo-o-hydroxyquinoline-a-sulphonic 
acid, CeH(0H)I(S03H)(C3H3N) (J. pr. Ch. [2], 55 , 457). . 

The B2-hydroxyquinolincs, when acted upon in glacial acetic acid 
solution with chlorine (Zincke’s method), are converted, like the naph- 
thols, into chlorinated quinoline-quinones, which (similarly to the 
conversion of naphthalene derivatives into indenes) are rearranged to 
pyrindene derivatives of a condensed pyridine and cyc/opentene ring. 
Thus from ^-hydroxyquinoline and chlorine by various transforma- 
tions of the primary reaction-products, dichlorotriketotetrahydro- 
Quinoline (i) results. This, on boiling with water, becomes /?-chloro- 
a-oxypyrindone (2), from which dichloracetopicolinic acid (3) is obtained 
by rupture of the ring (A. 290, 321) : 

/CO— CO /C(OH). /COCHClj 

(I) C.HgN/ 1 > (>) CJIaN/ >CCl-> (3) C,1I3N( 

^CO— CCI2 XO-- ^ ^COOH 

Pyrindene derivatives have also been obtained by syntheses: 

Diketo-hydropyrindenecarboxylic ester, C6H3N{^“3j^[]>CHC02CH3, from 
quinolinic acid ester with acetic ester and sodium (B. 35 , 1411). 

/?-Phenyl-diketo-hydropyrindene, cjigN [ by trans- 

' » 

position from the henzyUdene cinchomeronide, OCOC5H3NC : CHC^Hr,, 
the condensation product of cinchomcronic acid anhydride witli 
phenyl-acetic acid (B. 37, 2137). ay-Diphenyl-hydropyrindene, from 
the diketone resulting from the addition of cyclo- pentanonc to 
bcnzalacetophenonc on treatment with hydroxjdamine ( 13 . 35, 3973): 

^CII^.CH .CII(C,H5) .CII3 yCH,C=C{C,lh)-~-€M 

" "\CH2.CO COCfllls ‘'\CHjC N CCflHa 

The hydroxyquinolines with hydroxyl in the pyridine nucleus are 
feebler bases and phenols than the jB^-Hydroxyquinolincs. As in the 
case of the oxypyridincs or pyridones, it is undetermined whether the 
hydroxyl or keto-form should be given to the oxyquinoliiies of the 
a- and y-positions. Ethers, however, of the two forms — e.g., carbo- 
styril and pseudocarbostyril — exist: 


XI1:CII 
CeH/ I 

: C.OR 


and CgTl4<^ 


/CH;CH /C(OR) : CH 

1 ; Cell/ I 

NR. CO 


CII 


/CO— CH 
and CJIX II 
^NR-~CII 


For syntheses of Py-hydroxyquinolincs, see above. 
a-Hydroxyquinoline, Carbostyril, C9H70N( + IIo0), the lactim or 
lactam of o-amino-cinnamic acid, is most readily obtained by the 
reduction of c^-nitro-cinnamic ester (B. 14 , 1916). It may also be 

/CHOCH3 

prepared from o-acetamino-benzaldchyde, | with caustic 

soda (C. 1900, II. 427); from a-chloroquinoline by heating it with 
water, and by digesting quinoline with a Bleaching Ifme solution (B. 21 , 
619). It melts at 199®. 
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Water decomposes its salts with alkalies and acids. Potassium 

^ POOH 

permanganate oxidizes it to oxalylanthranilic acid, 

Sodium and alcohol reduce it to tetrahydroquinoline. 

Carhostyril methyl ether, boiling at 247°, and the ethyl ether, boiling 
at 256°, or a-methoxy- and ethoxy quinolines, are oils. They are pro- 
duced by the action of the alkyl iodides upon the Na- or Ag-salts of 
carbostyril, by the action of sodium alcoholates upon a-chlorquinolines, 
and when o-aminocinnamic esters are digested with alcoholic zinc 
chloride. 

The ^^mAocarhostyril ethers — the methyl, melting at 71°, and the 
ethyl, at 54°, otherwise AT-methyl- and AT-ethyl-a-quinolone — are 
produced by the action of the alkyl iodides upon free carbostyril in 
the presence of alkalies. Also when sodium hydroxide acts upon 
methyl- and ethyl -quinolinium iodide. Ar-Methylquinolone is also 
produced when cthoxyquinoline is heated with methyl iodide (B. 30 , 
930). With it yields iV-mcthylthio-quinolone, C9HgSN(CH3), 

m.p. IIS'" (B. 33 , 3358). 

i-Nitrocarbostyrii, CgHp,(NO.JON, melting at 168°, results from the 
action of alcoholic ammonia upon nitrocoiimarin. 3-Hydroxycarbo- 
styril, melting beyond 300°, is formed by the condensation of 6-amino- 
w-hydroxy cinnamic acid, which is produced in the electrolytic reduc- 
tion of o-nitrocinnamic acid. /l-B^droxyquinolme, (CgHgN)©^!, m.p. 
198°, from diazotated /i- ami noquinoline (C. 1910, I. 2103). / 9 -Hydroxy- 
quinaldine, C9H5(CH3)N[/3]OH, has been prepared by the condensation 
of o-aminobenzaldehyde and chloracetone with NaHO (B. 35 , 2554). 

y-Methyl-a-hydroxyquinoline, y-Methylcarbostyril, or Lepidone, 
C9Hq(CIIJ()N, melting at 223° and boiling at 270° (17 mm.), is obtained 
from acetoacetanilide. Its lactirne ether, a-Methoxy-y-mcthylqiiinoline, 
boiling at 276°, results when NaOCHa acts upon a-chlorlcpidine. The 
lactam ether, N-7ncthyl lcpido7ie, melting at 131°, is prepared from 
acetoacctic ester and methylaniline, and by heating ethoxylepidine 
with methyl iodide (B. 30 , 931). 

£^-Amino-lepidone, m.p. 270"^, from wj-phenylene diamine and 
aceto-acetic ester (B. 31 , 798), 

Dilepidone, [09113(0113) ON].,, is formed from benzidine and aceto- 
acetic ester. 

y-Hydroxyquinoline, Kynurine, C9H70N( + 3H20), is made by 
heating kynurenic acid (hydroxyquinolinecarboxylic acid), and by 
oxidizing cinchonine and cinchoninic acid with chromic acid (B. 22 , 
R. 758). It melts at 201°. POI5 converts it into y-chloroquinaldine 
(B. 27 , R. 748), from which sodium methylate produces y-methoxy- 
quinoline, m.p. 31^ b.p. 245°; the latter, also obtained from kynurine 
and diazomethane, on heating to 300® to 310°, transposes into 
N-methyl-y-quinolone, m.p. 143'' (M. 27 , 255). 

y-Hydroxy-a-metl^lquinoline, y-Hydroxyquinaldine, y-quinaldone, 
C9H,(CH3)0N( + 2H2O), m.p. 231®, from aceto-acetic ester, anil 
also gives two isomeric ethers, ymethoxyaoinaldine, b.p. 298'’, and 
iV-methyl duinaldone, m.p. 175° (B. 22 , 78); both ethers give, withv 

a /-u » which, 
^ tlCHj) =C .Cjirlg 
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on heating or treatment with alkalies, gives iV-methyl quinaldone 
(B. 30, 922); compare the similar behaviour of the antip}nines, 
pyridones, etc. 

The two isomers, quinaldone and lepidone, are also produced 
together from o-acetamino- acetophenone with NaHO: 


N 


CO. Cl I 


.NH;CCH3 


/COCHa 

'^“^^‘Nnhcoch, 


\NH CO 


Similar reactions are shown by o-propiono- and o-butyr-amino- 
acetophenones ; o-acetamino-benzo-phenonc gives a-oxy-y-phenyl 
quinoline, m.p. zsq"*. 

/>,y-Dihydroxy-quinolin6, C9H7O2N, is formed by the saponification 
of /^-methoxy-kynurine, produced from ^-methoxy-y-amino-quinoline 
with nitrous acid (B. 29, R. 675). 

a, >;-Dihydroxy- quinoline, y-Hydroxy-carbostyril, C9H7O2N, sub- 
liming, is formed from y-bromocarbostyrii with potash; from o-amino- 
phenyl propiolic acid by heating with SO4H2 ; by the condensation of 
anthranilic acid ester and acetic ester with sodium (B. 82, 3570) ; or 
from o-acetanthranilic acid ester by means of sodium (C. 1900, 1. 427; 
1901, 1. 236). With diazonium salts it combines to form fast azo-dye- 
stuffs (C. 1906, 1. 109). Reduction of its ^-nitroso derivative produces 
a/»y«trihydroxy-quinoline, C9H7O3N, which is oxidized by ferric chloride 
to quinisatinic acid and quinisatin or triketo-tetrahydroquiiioliiie 
(B. 17, 985). 

Thiolquinoline, (C9H3N)SH, m.p. 175°, and />-metliylthiolquinoline, 
m.p. 210°, from a - chloroquinoline and a - chlorotoluquinoline, with 
KSH (B. 32, 1305) ; iV-methylthiolquinoline is obtained from methyl 
carbostyril (see above), 

Quinoline A Idehydes and Ketones. — 0 - Quinoline - aldehyde, 
CH0.C^H3[C3H3N], m.p. 95° (see B. 38, 1280). a-Quinoline aldehyde, 
C9Hq(CH 0)N, m.p. 71®, is formed from a-quinolyl acrylic acid with 
KMnO^; its oxime, m.p. 189°, from o-amino-benzaldehyde with iso- 
nitroso- acetone by method 2 (J. pr. Ch. [2], 66, 264). 

A nitro-y-quinoline alde^de, (N02)C9H5(CH0)N, m.p. 175°, is 
obtained from nitro-dibromo-lepidine, (N02)C9H5(CHBr2)N, with lead 
acetate (B. 31, 2368). 

Py-Quinoline ketones are produced by synthetic method 2 from 
o-amino-benzaldehyde and ^-diketones: 

i3.Acetylquinaldine, C9H5(CH3)(COCH2)N, melts at 57-5° (B. 28, 
1756.) 

/9-Acetylcarbostyril, C9H9(COCH3)ON, melting at 232°, is formed 
from o-amino-benzaldehyde and acetoacetic ester (B. 16, 1838). 

y-Acetacetylquinoline, C9H7N(CO.CH2.CO.CH3), melting at 65® 
and boiling at 206® (17 mm.), is prepared from cinchoninic ester, 
acetone, and sodium ethylate. It condenses with phenylhydrazine to 
phenylquinolylmethylpyrazole, melting at 120®, and with two mole- 
cules of o-amino-benzaldehyde to diquinolyl quinoline (B. 29, R. 845). 

Quinoline Carbo^lic Acids. — ^They exhibit the character of amino- 
acids. Those substituted in the benzene flucleus hate been synthesized 
from the amino-benzoic acids (B. 28, 2809), and are produced when 
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Bjj-alkyl quinolines are treated with chromic acid. The Pjy-quinoline 
carboxylic acids also result from the action of a chromic acid mixture 
upon Py-alkyl quinolines. The alkyl groups in the y-position are most 
easily oxidized, the p- with more difficulty, and the alkyl groups in the 
a-position with the greatest difficulty (B. 23 » 2254) (p. 544 )- When they 
are heated, carbon dioxide is expelled and the respective quinolines 
are produced. The acids, carrying the carboxyl in the a-position, axe 
coloured reddish-yellow by ferrous sulphate. 

o-Quinolinecarboxylic acid, C9HeN(COOI^, melts at 187'’. The 
w^/a-acid melts at 2^S°-2^o°. The para-dicid melts at about 291®. 
The ana-acid melts at 360"" (A. 237 , 325; B. 19 , R. 443, 54^; 43 , 3026). 

a-Quinolinecarboxylic acid, Quinaldinic acid, crystallizes from hot 
water in needles containing 2H2O; it melts at 156°, and decomposes. 
It is obtained from quinaldine, or, better, from the condensation 
products of quinaldine with formaldehyde (B. 39 , 2329). On heating 
with acetic or benzoic acid anhydride it splits off CO.^ and turns into 
a red substance very sensitive to light (B. 38 , 2127). Quinaldinic acid 
chloride, m.p. 97° (B. 39 , 2330). 

/?-Quinolinecarboxylic acid is also produced by heating acridic acid. 
It melts at 273° (B. 18 , 1640). 

V y-Quinolinecarboxylic acid, cinchoninic acid, was first produced 
upon oxidizing cinchonine with potassium permanganate or nitric acid. 
It contains i or 2H2O. It melts at 254°. Synthetically it has been pro- 
duced by the condensation of isatinic acid, acetaldoxime, and NaHO 
(J. pr. Ch. [2], 66, 263). Chloride, m.p. 170° (C. 1901, I. 1052). Its 
nitrile, m.p. 95 is formed from the A^-methyl-dihydro-cinchomnic acid 
nitrile, the transformation product of quinoline methiodide with 
KCN, by oxidation with alcoholic iodine solution and disintegration of 
the resulting cinchoninic acid nitrile methiodide by heating (B. 44 , 
205<S). The acid easily yields quinoline; KMn04 oxidizes it to a^y- 
pyridiue tricarboxylic acid, Nitro-sulphuric acid nitrates cinchoninic 
acid to ana-nitro-cinchoninic acid, which is reduced by ammonium 
sulphide to a«a-amino-cinchonic acid. This acid easily yields an 

anhydride, m.p. 255° (B. 32 , 717), analogous to pm- 

naptho-styril. 

Alkyl cinchoninic acids are produced by the condensation of alde- 
hydes with pyro-racemic acid and anilines (B. 22 , R. 23; 42 , ^o^ 2 \ 

A. 281 , i); also from isatinic acid, by method 2 

(J. pr. Ch. [2], 56 , 283; 67 , 467; 66, 263). r u /rn n 

a-Methylcinchoninic acid, Amltivitommc acta, 

(COOH)N(-f Rp), m.p. 242®, is formed from pyro-racemic acid and 
aniline (B. 20 , 1769), and from isatinic acid and acetone. a-Phenyl 
cinchoninic acid, m.p. 209°, from aniline, benzaldehyde, and pyro- 
racemic acid, or isatinic acid and acetophenone, is recommended 
under the name Atophane as an antineuralgic and a remedy for gout. 
iS-Methyl and. / 9 -phenylcinchoninio acid, m.p. 254° and 273°, from 
isatinic acid with propionaldoxime and phenylacetaldoxime re- 
spectively (B. 89 , 982; 40 , 1O88). a^-Diphenyl- and -dimethylcin-i 
Cboninio acid, m.p. 295° and 316° with dec. (J. pr. Ch. [2], 66, 283). 
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a-Methylquinoline-j^-carboxylic acid» Quinaldine-j^-carboxylic acid, 

m.p. 234° with dec,, is formed from o-amino-benzaldehyde with aceto- 
acetic ester (J. pr. Ch. [2], 56 , 373). 

v-Methylquinoline-a-carboxylic acid, Lepidine-a-carboxylic acid, 

^•P* from y-methylmethylolquinaldine by oxidation and 

rejection of CO., (B. 37, 1322). 

Acridinic acid, a,/?-Quinoline-dicarboxylic acid, C9H5N(COOH)2, 
is produced when acridine is oxidized with potassium permanganate, 
just as quinoline yields a, ^-pyridinedicarboxylic acid. 1 1 crystallizes in 
needles with 2H.^0, or plates with 1H2O, and decomposes at I20°~i30°. 

a, y-Quinolinedicarboxylic acid results when a-cinnamenyl-cin- 
choninic acid is oxidized with potassium permanganate (B. 22 , 3009). 
It melts at 246° with decomposition (B. 22 , 3009). It is also formed 
from isatinic acid with pyro-racemic acid (J. pr. Ch. [2], 56 , 308). 

Quinaldine-^, y-dicarboxylic acid, C9H4{CH3)N(COOH)2, from isatinic 
acid and aceto-acetic ester. The following are produced similarly: 
a-Phenyl-i 3 y.quinolinedicarboxylic acid, C9H4(C6H5)N(COOH)2. with 
benzoyl acetic ester, quinaldine-/ 9 y-aceto-carboxylic acid, CoH4(CH3)N- 
(CH 2 C 00 H)(C 00 H), with Icevulinic acid, and others (J pr. Ch. [2], 
57 , 467). 

Hydroxyquinoline Carboxylic Acids : 

a.Hydroxyquinoline-/?-carboxylic acid, C9H^(0H)(C00H)N, re sults 
in the condensation of O'aminO’bcnzaldehycic with malonic acid, nnd 
melts above 320®. 

a-Hydroxyquinoline-y-carboxylic acid is formed on melting cin- 
choninic acid with potash. It melts at 310® and decomposes. It is 
obtained by fusing cinchoninic acid wdth potash and by internal con- 

densation of A^-acctyl isatinic acid, (C. 1900, I. 427). 

Beth acids decompose into COj and carbostyril on heating their 
silver salts. 

Kynurenic Acid is a y-hy dr oxyqiinoline- ^-carboxylic acid. It occurs 
in the urine of dogs after the ingestion of meat. It is also formed in 
the transformation of the primary disintegration product of albumen 
called t^ptophane (Z. physiol. Ch, 43, 325), and has been obtained 
synthetically from o-formyl-amino-phenyl-propiolic acid ester by 
boiling with NaHO (B. 34 , 2703). It contains 1H2O, and melts at 
257 . husion with caustic potash converts it into CO2 andkynurine 
or y-hydroxyquinoline; on oxidation it yields kynuric acid or oxalyl 
anthranilic acid. 

:^>-Hydro:^quinoline-y-carboxylicAcid, C9H5(0H)N(C02H)( + H20), 

X(mthoqiiinic acid, results on fusing ^«msulphocinchoninic acid with 
^ 9 ^?’ melts at 320^^ with decomposition. Its methyl ether, 
quinic acid, C9H-(0 . CH3)N(C02H), is obtained by oxidizing quinine and 
quinidin with chromic acid in sulphuric acid solution. It melts at 280°. 

y-Hydroxyquin^dine - - carboxyUc Acid, C9H4(CH3)ON{COOH), 
melting at 245° with decomposition, results in the condensation of 
anthranilic acid with acetoacetic ester (B. 27 , 1396). 

^Wdroxyquinoline-y-acetic acid, (C9H90N)CH2C00H, m.p. 206° 

with dec., is obtained by the condensation of ticetone dicarboxylic 
acid anilide with sulphuric acid ; B^-amino-a-bydroxyquinoline-y- 
acctic acid is formed similarly (B. 38 , 3439). 
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Dihydro-quinolines have hitherto only been obtained in bimolecular 
or polymolecular form in the reduction of quinolines with zinc dust 
and HCl, besides the tetrahydroquinolines (B. 44 , 2106). In this 
form they are not further reducible to tetrahydroquinolines, but they 
easily pass into the corresi^onding' quinolines on oxidation with HgO, 
CrOg, etc. 

Dihydroquinaldine, [C9HgN(CH3)]2, m.p. 178°; o-Toludihydro- 
quinoline, m.p. 144°; o-Toludihydroguinaldine, m.p. 217°. 

Ar,a-Dialkyl- and A^,a,a-Trialkyl-A,/?-dihydroQuinolines are formed 
by the action of alkyl magnesium haloids upon the quinoline iodo- 
alkylates. Tliey are mono-molecular, and are reduced by tin and HCl 
to tetrahydroquinolines (B. 42 , iioi). 

A^-Methyl-a-methyl- and iV-methyl-a-ethyldihydroquinoline, b.p. 
258° and 266''. AT-Methyl-a-phenyldihydroQuinoline, m.p. 90°, yields 
with MnO^K ^-methyl benzoyl anthranilic acid; ?v,a-dimetl^ldihydro- 
quinaldine, b.p. 274'. 

Other dihydroquinolines must be assumed as intermediate products 
in the quinoline ring syntlicscs according to the method of Dobner and 
V, Miller, which, however, cannot as a rule be isolated on account of 
their instability. On condensing anilines with pyro-racemic acid and 
adding formaldehyde, derivatives of dihydro-a-methylcinchoninic 
acid are obtained, the so-called hydro-glauconmic acids, of the probable 


which in alkaline solution 


structure, ^ 1 ^ which in alkaline solution 

L 1 1 ^ 

are converted into glauconinic acids, blue mordant dyes, by oxidation 
in air. Their structure recalls that of the triphenyl-methane dyes 
(compare B. 31 , 686; 33 , 677), 

On ^-?-Hydroxy-«, y, y-trimethyl-dihydro-quinoline, 

from m-aminopheixol and mesityl oxide, see 

\J\ — - CV-vJlg 

B. 32 , 3701. 

Tetrahydroquinolines . — These are produced when the quinolines are 
reduced with tin and hydrochloric acid, or with sodium and alcohol. 
The pyridine nucleus then takes up four hydrogen atoms. This proce- 
dure changes the cliemical nature of the quinolines very materially. 
The tetrahydroqniyiolines behave like secondary fatty -aroniaiic amines. 
Nitrous acid converts them into AT-nitrosamincs, which readily rearrange 
themselves to i 52 :-/)-nitrosamines. With the salts of diazobenzene 
they yield diazoamino-compounds, which readily pass over into p- 
azobenzene derivatives. This alteration in the chemical character of 


quinoline is similar to that seen in the indoles by their change to 
dihydroindoles. The tetrahydroquinolines are to be regarded as ring 
homologues of the dihydroindoles: 


CjrZ >CH.CII, Cell*/ I 

\NH— CHCH3 

Dihydroractliylindole. Tetr.'ihydroquinaldinc. 

whereas the basal substances, the indoles and the quinolines, behave 
very differently. The tetrahydroquinolines are oxidized to quinolines 
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again by iodine, chromic acid, silver acetate, or Hg(N03)2 (B. 27 , 824: 
C. 1900, 1. 137). . , . . 

Like piperidine, tetrahydroquinoline can be split up into aeriva- 
tives of o-propyl aniline by treating its AT-benzoyl compounds with 
PCI5, or by the action of cyanogen bromide upon its iV-alkyl deriva- 
tives (B. 37 , 2921; 42 , 2219) : 

(CU, CH, ^ jCII,.CHa.CH,Cl 

•‘ ^\N(C0CeH,).CH2 ^ “ nN:C(Cl)CeH5 

^ — CII2 ^ I CHj.CHg.CHjBr 

'“"In(R) .CH./ ® nN(R)CN 


Tetrahydroquinoline, CyHiiN, boilingat 244°, is liquid at the ordinary 
temperature. It is formed when tin and hydrochloric acid act upon 
quinoline and a- and y-chlorquinolines ; also by the action of sodium 
and alcohol upon carbostryril (B. 23 , T142). Nitrous acid converts 
it into a nitroso-body, which is easily rearranged to p-niirosotetrahydro- 
quinoline, melting at 134° (B. 16 , 732). With benzoyl chloride it foms 
n-henzoyltetrahydroquinoline, melting at 75°; witli methyl iodide, 
iV-Methyltetrahydroquinoline, kairoline, C9H10N.CH3, boiling at 245°, 
which is said to have the same action as kairine (a febrifuge), the hydro- 
chloride of o-hydroxy-iV-methyltetrahydroquinoline, C9H9(OH)N CHg, 
melting at 114®, and thalline, the sulphate of ^-methoxytetrahydro- 
quinoline, C9H9(OCH3)NH, melting at 42° and boiling at 283^ and 
possessing the action of a febrifuge. 

Tetrah^drotoluquinoline, CH3.C3H3: [C3H7N], boiling at 257", is 
produced on boiling toluidine with trimethylcnc chlorobrornide (B. 24 , 
2061 ; 25 , 2805) ; 


BrCHgXHg 

CH3.C6II4NH2 4 - I 

CICH. 


-> CH,.C,H,<^ 


,CHj- CH, 


Nil— CH, 


The m^reso-compound melts at 51®; the henzcne-diazo^body at 99®. 

-CH 

Tetrahydroquinaldine, c, „ > b.p. 247“, is also formed 

by the reduction of o-nitrobenzyl acetone, 

890). Tetrahydroquinaldine possesses an asymmetric C-atom, and 
has been split up by means of its bitartrate and bromo-camphor 
sulphonate into two optically active components (B. 41 , 966; C. 1911, 
I. 162). 

A few quaternary tetrahydroquinolinium bases, with two different 
radicals like alkyl kairolinium hydroxide, C9HioN(CH3)(C3H5)OH, 
have been split up through their ^^-camphor sulphonatcsand(^-bromo- 
camphor sulphonates into optically active nitrogen compounds (B. 38 , 
1840:40,4450). 

The 5 -lactams of o-aminophenyl fatty acids — ^.g., Hydrocarbo- 
styril, or o-amino-phenyl-propionic acid lactam — are keto-derivatives 
of tetrahydroquinoline. Hydrocarbostyril has been obtained by the 
Beckmann rearrangement of a-hydrihdone oxime, as well as from 
its acid, /J-hydrocarbos^til carboxylic acid, C,H,oNO(C001Q, melting 
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at 146® with decomposition. Its ester results in the reduction of nitro- 
benzyl malonic ester (B. 29 , 665). Quinisatin, or (?-amino-benzoyl 
glyoxylic acid lactam, is iriketotetrahydroquinoline, 

Tetridiydroquinoline-R2:-carboxylic acids (see B. 35 , 2611). 

A derivative ofB^-tetrahydroquinoline has been obtained by boiling 
the diketone produced by the condensation of benzal-acetophenone 
with 2-methyl-cyclohexanonc, with hydroxylamine hydrochloride 
(B. 35 , 3978) : 

CH2 . CHj . CH . CH (CflHs) . Cl I2 CH^ . CH, . C = C (CjHj) . CH 

CH3CH . CHj.CO COC^Hj ^ CH3CH.CH2.C-N CCeHs 

Hexa- and Decahydroquinolines. — ^When quinoline or tetrahydro- 
quinoline is heated to high temperatures with hydriodic acid and phos- 
phorus, or with hydrogen at no atmospheres pressure in the presence 
of nickel oxide to 240® (B. 41 , 992), the benzene nucleus also takes up 
hydrogen, and the reaction product yields, in addition to a little hexa- 
hydroQoinoline, CgHjaN, boiling at 226° (B. 27 , 1459), and other pro- 
ducts, decahydroquinoline, CgHigN, melting at 48° and boiling at 204®. 
It is a very volatile, strongly alkaline substance, which has a stupefying 
odour like that of coniine. While tetrahydroquinolinc resembles the 
mixed fatty aromatic bases, decaliydroquinoline manifests the proper- 
ties of a secondary amine of the aliphatic series. It is the piperidine 
of the quinoline group : 

CH2— CHa— CHa Clla— CHg— Cl I— CIIj— CHj 

II III 

CHa— NH— CHa 

Piljeridine. Decaliydi oquinoline. 


When its benzoyl and urethane derivatives are oxidized, decahydro- 
quinoline undergoes decompositions similar to those of piperidine; tfte 
products are benzoylated o-aminohexahydrophenylpropionic acid and 
the methyl urethane of o-aminohexahydrophenylacetic acid : 


/CHa CH- 

CeITio< I - 

\N(C0.C,H3).CII, 


/CH--CH,.COOH /CIIj - CH, 

^C«H.o< , I ■ 

\N(COaCHa).CH, 


^“’\nII(C0C,H3) 


/CH3.COOH 

\NH(CO,CH), 


Free o-aminohcxamethylencpropionic acid rcadilyparts with water 

and becomes Decahydrocarbostyril, co ^458). 

Julole and lilole compounds are derivatives of hydroquinolines. 
They are probably derived from the hypothetical parent substances: 



Lilole. 


CH CeHj.CII 

Cli.CHaN CH 


lilole. 


•and 



CH 


CH.CHj.N.CHj.CH 

Julole. 
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Lilole must be considered as a combination of the quinoline nucleus 
with the pyrrole nucleus, or of the pyridine nucleus with the indole 
nucleus, while julole is a combination of the quinoline nucleus with 
the pyridine nucleus. 

CO— C.H, CH . CH , 

Diketomethyllilolidine, | , is obtained from 

CHa CO 

malonic ester and dihydromethylindole. It has been described in 
connection with the latter. 

.CHa—CHj 

(CllajC— Cellg/ I 

Eetomethyljuloline, i; ch,, melting at 130 °, is 

I 

HC CO 


formed from tetrahydroquinoline and acctoacetic ester (B. 24 , 

S45). 


Julolidine, 


Xlla— CUa 
CHa-C,H 3 <( 1 

I CHa, melting 


at 40°, is produced on 


CHa CHa 


boiling tetrahydroquinoline with one moleciile of Irimethylenc chloro- 
bromide, or aniline with two molecules of trimethylenc chloro- 
bromide (B. 25 , 2801). Both julole derivatives arc bases, wlioreas 


diketojulolidine, 


CO— C 8 U 3 <( 


,CH.— CII, 


N CHa, obtained from tetrahydroquiuo- 


CHa CO 

line and malonic ester, has only acid properties. 

A similar combination is contained in tetrahydroquinolyl-a-pro- 


pionic acid lactam, m.p. ii6^ The tetra- 

C/li2 • vylrl2C^Xi. — 

hydroquinolyl propionic acid and the lactam are obtained by the 
reduction of quinolyl-a- acrylic acid with Na and alcohol. It recalls 
strychnine in many ways (B. 33 , 218). Sec also piperolidonc. 


III. CONDENSED QUINOLINES. 

Condensations similar to those effected through aniline in the quino- 
line syntheses can be carried out with the higher aromatic amines — 
e.g.y naphthylamine, anthramine, the aminoquinolines, the phcnylene- 
diamines, etc. All these amines yield with glycerol (Skraup), or with 
aldehydes, etc. (Dobner-Miller, p. 189), higher condensed bases 
containing the quinoline nucleus. 

In these reactions the pyridine ring, as a rule, then attaches itself 
only to two such members of the benzene nucleus, which, according 
to the requirements of the Kekul (5 formula, are doubly linked (B. 26 , 
R. '402; 27 , R. 631). This would argue against the various centric 
and diagonal formulas which have been suggested for the derivatives 
of benzene and of pyridine. 

A and B . — ^The two naphthylamines give rise to a- and / 3 -naphtho- 
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quinoline ( 1 . and II.) (constitution, see J. pr. Ch. [2], 57 , 85) ; amino- 
anthracenes give rise to anthraquinolines (IIL). 



C and D . — and /)-phenylene diamines, and m- and ^-amino- 
quinolines, give rise to phenanthrolines (L) and ^S6*z^ii^o-phenanthrolines 
(11.) ; a third isomeric phenanthroline (III.) is obtained from o-amino- 
quinoline. The three isomerides might be suitably distinguished as 
m-, p-, and o-phenanthroline respectively; a fourth isomer, quino-y- 
pyridinc (IV.), is formed from y-amino-quinolines. 



On a fifth isomeride, ^soquino- / 5 -pyridine, sec below. In their 
behaviour all these bases resemble the quinolines. 

a-Naphthoquinoline, C^gll^N, melts at 52"^ and boils at 251°. 
)T-Napthhoquinoline melts at 93°! The latter is obtained from the /5- 
naphthylamincs substitutedin the a-position by bromineor NOg, through 
the splitting-off of the substituents. Potassium permanganate converts 
the naphthoquinolines into two phenylpyridinedicarboxylic acids. 

Amination and subsequent oxidation with KMnO^ convert a- 
naphthoquinolineinto quinoline-i,2-dicarboxylic acid, and ^-naphtho- 
quinoline into quinoline-2, 3-dicarboxylic acid (C. 1907, I. 637). For 
derivatives, see J. pr, Ch. [2], 57 , 49. 

The monamide of )6’-phenylpyridinedicarboxylic acid, treated with 
Br solution, produces hydroxy-z 5 oquino-/ 5 -pyridine, 

CH : CH.C.COaH NH^CO.C.N : CH CH ; CH.C.C(OH) ; N.C— N ; CH 
.CH :CH.C C.CH:CH ^ CH : CH.C C.CH :CH 

which, on reduction ^vith HI and phosphorus, yields /soquinopsrridine, 
^12^8^2* ^-P- ^^ 4 °^ 360° (B. 35 , 296). 

The hydride products of the napthoquinolines are noteworthy. 
By reduction with Sn and hydrochloric acid the pyridine nucleus, as in 
the case of quinoline, is hydrggenated. 

CHa— CHa 

Tetrahydro-(a)-naphthoquinoline,CioHe<^ I ^ melting at 46°, 

jN X X X X 2 

and the p-body, melting at 63'’, behave like alkylic a- and p-naphthyl- 
amines. Sodium and boiling amyl alcohol produce rrr-Octohydro- 

^Ha— CH3^^ CHa-CHj 

(a)-naphthoquiiioUne,^^^_^y^/C.H,<^^^j^^. melting at 48“ and 
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boiling at 216° (37 mm.), and the p-compound, melting at 60® 
and boiling at 325° (717 mm.). In these bodies not only the 
pyridine nucleus, but also the outer benzene nucleus, has taken 
up hydrogen atoms, which accounts for their aromatic benzene 
amine — alkylic aniline — character. From jS-naphthoqiiinoline there is 
simul taneously formed an isomeric ac - Octohydro - ( /5) - naphtho- 
CHg— CIIg—CH— CHjj— CHj 

Quinoline, I I I , melting at 91° and boiling at 321°, 

CjH 4 CH — NH — CHg 

in which the middle benzene nucleus is hydrogenated. It therefore 
corresponds to decahydroquinoline and possesses the properties of a 
piperidine. 

B. Anthraqtuinoline, C17H11N, melts at 170° and boils at 446"^. Its 
solutions exhibit an intense blue fluorescence. Chromic acid oxidizes 
it to anthraquinone quinoline, corresponding to anthraquinone. Its 
dihydroxy-compound is the so-called Alizarin Blue (A. 201, 349). The 
isomeric a-anthiaquinonequinoline, m.j). 169°, can be obtained from 
a-amino- anthraquinone with glycerin and SO4H2 (C. 1908, I. 76), 
while ^-amino-anthraquinone in this reaction produces benzanthrone 
and benzanthronequinoline, CaoHnON, m.p. 251'', both of which, on 
fusion with alkali, are converted into an eminently fast blue- violet 
vat dye called cyanthrene (B. 38, 194; C. 1906, II. 573). Alizarin 

XOv XII- CH 

Blue, Dihydroxyanthraquinonequinoline, 

melting at 270°. It consists of metallic, bluish-violet coloured needles. 
It is produced when ^-nitro-alizarin or amino-alizarin is heated with 
glycerol and sulphuric acid (B. 18, 445 ; 29, 708). It unites with acids 
and bases to form salts. It occurs in trade in the form of a bluish- 
violet paste, and, like alizarin, is applied in dyeing. Since reducing 
agents decolorize it (zinc dust, grape sugar) mid it again separates 
on exposure to the air, it is adapted to vat dyeing. 

By the action of sulphuric acid more hydroxyl groups are introduced 
into alizarin blue. The products are alizarin blue green, alizarin green, 
alizarin indigo blue. These are mixtures of sulpho-acids of tri-, tetra-, 
and penta-hydroxyanthraquinonequinolines (B. 26, R. 711). In 

.CeilaECaHsN] 

connection with anthraquinoline, fluorenequinoline, 

ni.p. 133°, and 9,10-phenantliroquinoline, Ci7HigN, m.p. 174®, are 
to be mentioned. They result from 2-amino-fluorene and q-amino-* 
phenanthrene respectively by Skraup’s quinoline synthesis (B. 86, 
3275; 41, 1998). 

C. (m)<Phenanthroline, Ci2H8N2( -i- 2H2O), melting at (65°) 78*, 
is obtained from »wte-diaminobenzene or 2-aminoquinoline (B. 16 , 
2519; 23 , 1016). ^-Phenanthroline, Psfwtfophenantluoline, is derived 
from 3-aminoquinoline, ^-diaminobenzene, or aminoazobenzene with 
glycerol and sulphuric acid. It melts at 173°. Potassium per- 
manganate oxidizes the phenanthrolines to a,^- and / 3 ,/ 3 -dipyridyl 
dicarboxylic acids (B. 28 , 2623; 42 , 2612). 

Phenyl-m- and ji-phenanthroline carboxylic acid, from m- and p- 
aminoquinoline with benzaldehyde ihd pyro-rticemic acid (B. 88, 
2918, 2928). 
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a-Metliyl-t)-t)henanihroline, Ci2H7(CH3)N2( + 2HaO), melting at (53®) 
76°, is prepared from i-amidoquinaldine (B. 22, 253). 

In connection with the phenanthrolines we may mention pheno- 
itipyridine, C3(C3H3N)3, m.p. 236®, formed by attaching three pyridine 
nuclei to a benzene nucleus; this very stable compound results from 
i,3>5"triamino-benzol by Skraup's quinoline synthesis (Bull. soc. Ch. [3], 
13, 28). 

p. a-Methyl-y-quinoquinoline, Ci2H,(CIl3)K., melting at 206® and 
boiling at 360®, is prepared from y-amidoquinaldine, glycerol, sulphuric 
acid, and nitrobenzene (B. 27, R. 632). 


IV. /SOQUINOLINE GROUP. 

While quinolincor benzopyridine results from pyridine by the attach- 
ment of the benzene nucleus to its carbon atoms occupying the a,/?- 
positions, the formula of the isomeric isoquinoline or isobenzopyridine 
is produced by the benzene nucleus joining itself to the /?,y-C-atoms 
of pyridine. Itsnitrogen member is therefore separated from the benzene 
nucleus by a methine group: 


Isoqumolin 

N 



This constitution seems evident from the oxidation of zsoquinoline 
to ^,y-pyridinedicarboxylic acid, as well as from the methods by which 
it is obtained sjmthetically. 

Quinoline is similar to isoquinoline in its deportment. It is fo^nd 
with it in coal-tar (Hoogewerff and van Dorpp, 1885). It is the mother 
substance of a class of important alkaloids belonging to the opium 
bases — e.g,, papaverine, narcotine, hydrasiine, etc. 

Syntheses of is^oquinoline Derivatives, — i. isoQuinolincs are formed 
by ring completion from benzene derivatives of the constitutions 
CJIs— C— N— C— CO and C— C— N— CO. 

, {a) isoQuinoline is formed from benzylidene amino-acetal or benzyl 
amino-acetaldehyde by heating with HgSO^ (B. 27, R. 628 ; 28, 764 ; 
compare, B. 42, 2374): 


(RO)3CH~<:Ha XH =CH 

I > I 

CeH,~CH=N = N 

nenzyliaenc-amiao*acetaI. /soqiiinoline. 

(6) From acylated w-phenyl cthylamlnes, by splitting off water 
with P2O5 in boiling toluene or xylene solution, dihydro-tsoquinolines 
are formed, which can be oxidized to tsoqiiinolines by means of KMn04 
in acid solution (B. 42, 1973, 2075; C. 1912, I. 1267): 


C.HjCH,— CH, 
C,H,Cq — NH 
VOL. ITT, 


/C-H, 




-CH, 


.C(C,H,) : N 


P 
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Similarly, fsoquinolines are obtained direct from acylated amino- 
phenyl carbinols of the formula CgH5CH(OH)CH2NHCOR by means 
of P2O5 (B. 43, 2384) : 


® ^ OCH— NH ® \CH = N 


Tetrahydro-i^oqtiinolines, on the other hand, arc formed by the con- 
densation of w-phenyl cthylamincs with aldehydes (B. 44, 2030) : 

CJI2O + NH2 ' "" ® 'XCHg—NH 

‘^ {c) Some interest attaches to the formation of tsoquinolinc from 
cinnamic aldoxime, and from benzylidene acetoximc by heating with 
P2O5 (B. 27, 2795 ; 28, 818). We must here assume an atomic displace- 
ment analogous to Beckmann's transformation: 

.CH=CH 

CeHfiCHrCH.CHiN.OH $> [CeH^.CH.CH.NlI XOHl > | . 

N:h=n 


“ 2. The linking oxygen atom in the lactones of the formula 

I , so-called fsecoumarins, can readily be exchanged for 

xo—o 

the NH-group by means of cold aqueous ammonia. The products 
are isoquinolines or isocarbostyrils, which by successive treatment 
with PCI5 and HI and phosphorus, or with zinc dust, are ronverted 
into /soquinolines. Homophthalides and homologous homophthalides, 
under similar treatment, are also changed to tsoquinolines (B. 21, 2299; 
25, 1138, 1493, 3563; 26, 1842): 


XH^XO 
C.h/ I - 
XO . NH 

Homo-phthdlimide. 


XH=CC1 
>C,H / I — 
XCl =N 

a, /3-Dic h lor isoqu inolinc. 


XH=rCIl 

I . 

^n=N 

/soquiiioline. 


Zn 


XH=-CH 

I 

XO— NH 

/so-cdrl) 05 tyriJ. 


tsoQuinoline, C9H7N, melting at 23° and boiling at 240*5°, is very 
similar to quinoline. It occurs, together with ordinary quinoline, in the 
crude quinoline from coal-tar. It is separated from the accompanying 
compounds by the crystallization of the sulphates (B. 18, R. 384). In 
addition to the methods given above it is also produced by distilling 
benzylidine ethylamine, €^115. CH: N . CHg . CH3, through tubes heated 
to redness (B. 25, 734). Potassium permanganate oxidizes it to phthalic 
acid (destroying the pyridine nucleus) and i?,y-pyridine dicarboxylic 
acid (by destroying the benzene nucleus). 

Alkylic phthalic acid imides are produced from the halogen alkyl 
addition products of isoquinolin (B. 21, R. 786). 

Its methiodide, QH^N.ICHg, melts at 159°, and its ethiodide 
at 148°. The iodalkylates of woquinoline resemble in their trans- 
formations the pyridinium and quinolinium iodides. With NaHO 
they first form the unstable /soquinolinium hydroxide and then a-hydr- 
o3|:ydihydro-/soquinolines, which are oxidized to N-aikyl-a-isoquinolones 
}iy Jilkaline potassium ferricyanide solution. With alkyl magnesium 
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haloids they yield iV,a-dialkyl hydro-isoquinolines, /soquinoline 
betaine (see C. 1902, II. 1326). 

Nitration of woquinoline produces a B-ar-nitro-woquinoline, m.p. 
no*" (B. 29 , R. 792). 2,3-Methylenedioxy-woquinoline, (CHaOaiCeHa- 
(C3H3N), m.p. 124®, from piperonal amino-acetal, on reduction yields 
tetrahydro - 2,3-methylenedioxy - isoquinoline or hydrohydrastinine 
(A. 286 , i). 3,4-Dimethoxy-isoquinoline, (CH30)2C3H2(C3H3N), m.p. 
94®, has been obtained by the action of concentrated H0SO4 and arsenic 
acid upon veratal amino-acetal. It is also produced by the breaking 
up of papaverine on fusion with alkali (B. 42 , 2374). 

and 3-Methylisoquinolines, boiling at 258® and melting at 
83®, and boiling at 264®, are prepared from 0- and />-methylbcnzylidene 
amino-acetal (C. 1897, I. 865). 

a-Methyh'soquinoline, C9Hg(CH3)N, boiling at 248° (its sulphate 
at 247®), results from the action of sulphuric acid upon acetophenone 
amino-acetal (B. 27 , R. 628), and from acet amino-methyl phenyl 
carbinol with PoOg (B. 43 , 2389). It is probably identical with the 
methyh’soquinoline isolated from papaveroline{B. 23 , R. 653) . )?-Methyl- 
isoquinoline, melting at 68® and boiling at 246®, is produced when methyl 
isocarbostyril is distilled with zinc dust. -/-MethyliS(?quinoline, 
boiling at 256®, is formed when dimethylhomophthalimide is distill( 5 d 
with zinc dust (B. 21, 2300). /?-Ethyh*soquinoline, C9(C2H-)HejN, 
boiling at 256®, and / 5 -Phenyh‘soquinoline, Cj)(C^H5)H3N, melting at 
104®, are obtained from ethyl- and phenyl-isocarbostyril (B. 25 , 3573; 
27 , 2237). a-Phenyh*soquinoline, melting at 88®, is derived from benzo- 
phenoneimino-acetal, (€3115)20 : NCH2CH(OC2H5)2 (C. 1897, I. 865);’or 
from bcnzoylamino-methyi phenyl carbinol with (B. 43, 2388) ; 
and from its dihydro-compound with MnOjK (B. 42 , 1976). 

V-Benzyh*5oquinoline, (C9H3N)CH2C3H5, m.p. 118®, b.p.g^ 238®, is 
formed, together with a little ^-benzyhsoquinoline, m.p. 104®, b.fi.2;i 
311®, by heating tetrahydro^soquinoline with benzaldehyde ; y-benzyl 
zsoquinoline on oxidation yields pyridine-/8/iV-tricarboxylic acid, a- 
Benzyb'soquinoline, m.p. 55®, b.p.23 228®, is formed from isoquinoline 
and benzyl alcohol by heating; from phenacetylamino-inethyl-phenyl- 
carbinol with P2O5 (B. 43 , 2387); and from its dihydro-compound 
(B. 42 , 1978). It is oxidized to pyridine-a/?y- tricarboxylic acid, and 
is the foundation body for various alkaloids such as papaverine (B. 33 , 
1719; A. 326 , 261; 328 , 326). The iodomcthylate of a-benzyh'so- 
quinoline yields with soda, instead of the oxy-dihydro-bavSe, the yellow 
iV-methyl-a-benzylidenedihydro/sc^qiiinolme, which is also obtained 
by the action of C^HgCHoMgCl upon A^-mcthyl-a-fsoquinolone; with 
HI it regenerates the iodo-methylate of a-benzylfsoquinoline (B. 37 , 

3396). 

On prolonged boiling of a-benzyhsoquinoline iodo-methylate with 
NaHO, it splits off methylamine, and passes into /?-phenyl-a-naphthol, 
a process which only becomes intelligible on the supposition of a 
splitting of the ring of the primarily formed iV-methyl-a-benzylidene 
dihydroisoquinoline (A. 362 , 305) : 

rCH=_CH •rCH..CHO 

* *\C(:CHC,H,).NCH, ^ ‘ HcO.CH,C,H» ^ *“*lc(OH) ;C.C,H, 
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A beautiful red dye—QuinoIine Bed — ^is produced by condensing 
benzotrichloride with quinaldine and tsoquinoline when they are heated 
with zinc chloride. This compound has a constitution analogous to 
that of malachite green (B. 20 , 4). 

In addition to its colouring properties, it possesses the remarkable 
power of rendering photographic plates orthochromatic. ^ 

woQuinolines, with halogens in the pyridine nucleus, result when PCI5 
acts upon the wocarbostyrils (below) and homophthalimides. Chlorine 
atoms in the a-position have the same reactivity as the chlorine atoms 
in the a- or y-position of quinoline. 

o^iChlortsoQuinoline, CgH^ClN, m.p. 38°, b.p. 275°, is formed from 
fcocarbostyril with POCI3 (B. 83 , 985). /^-Chlor/soquinoline, m.p. 48®, 
b.p. 281®, is formed by the partial reduction of aj9-dichlon‘soqainoline, 
C9H5CI2N, m.p, 122®, b.p. 306®, which is formed from homophthalimide 
with POCI3 (B. 19, 2355). ay-Dichlortsoquinoline, m.p. 89®, from oxy- 
isocarbostyril with POCI3 together with a-chloro-y-hydroxy/soquino-> 
line, m.p. 196® (B. 33 , 986). 

a-Chloro-/?-methyl and a-Chloro-i?-phenyl fsoq^oinolines, melting 
at 36® and 77®, are obtained from the corresponding Vsocarbostyrils. 
The latter combines with aniline to 
* a-Anilino-;?-phenyl isoquinoline, C9H5(NHCpH5)N, melts at 126® 
(B. 25 , 2709). 

Oxyi^oquinoUnes, i^ocarhostyrils, are isomeric with the carbo- 
styrils (below). They result from the action of ammonia upon iso^ 
coumarins. Another universal method of producing the zsocarbostyrils 
consists in rearranging the reaction products of acid anhydrides and 
o-cyanobenzyl cyanide with alkalies: 


^ H X,CK,-C.CH. 

XN XN O.COCI 

o-Cyanobenzyl ^-Diacetyl-o-cyanobenzyl 

Cyanide. Cyanide. 


.C(CN)=C.CH3 
-->CeH4< I 

\CO — NH 

y-Cyano-/3-methyl 

isocarbostyrll. 


The alkyl cyan/socarbostyrils produced in this way are readily 
decomposed by concentrated sulphuric acid. The cyanogen group is 
eliminated, and ^-alkyl W(7carbostyrils result (B. 27 , 827, 2232; 
29. 2543). 

For producing ay-dihydroxyzsoquinolines or y-hydroxyisocarbo- 
styrils there is a method consisting in the transposition of phthalimido- 
aliphatic esters by means of Na aJcoholate (B. 33 , 980: 38 , 3542) : 




NCHaCOjR ■ 


* *\C(OH);CCO,R: * *\C(OH):CH 


The resulting hydroxy/socarbostyril carboxylic esters are easily 
transformed into oxywocarbostyrils, which on reduction immediately 
yield tsocarbost3nils. 

tsoCarbostyrils, like the carbostyrils, 3 deld ethers of the hydroxyl 
and ketd-forms. The latter are obtained from isocarbostyrils and 
alkyl iodides, while the former are mostiy made tlvough the interaction 
of a-ctdorisoquinolines and sodium alcoholates. 
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tso^arbostyril, a-i5oQuinolone» C9H7ON, results from isocoumarin 
and ammonia, and from tsocarbdstyxilcarbozylic acid, C9H3ON.COOH, 
a reaction product of ammonia and isocoumarin carboxylic acid, by 
the elimination of COo. 

CH CH 

a-Methoxy/5oauinolme,CeH4<f I , boiling at 240^ is pro- 

\C(0CH8)=N 

duced by the interaction of the silver salt of wocarbostyril and methyl 

/CH=CH 

iodide. The isomeric iV-Methyl-ct-isoguinolone, | ,melt- 

\CO— N(CH,) 

ing at 54® (40°) (B. 26 , R. 270; 27 , 205), is obtained from wocarbo- 
styril, methyl iodide, and alkdies (B. 26 , R. 236), or by the action 
of alkaline potassium ferricyanide upon methyl isoquinolinium 
iodide; other TV- alkyl tsoquinolones are produced by the action of 
primary amines upon wocoumarin (B. 27 , 198) or its carboxylic acid. 
i?-Methyh*socarbos^ril, Cfl(CH3)HgON, melts at 211°; jS-ethyhso- 
carbostyril melts at 141°; /J-isopropybsocarbostyril melts at 221® 
(B. 29 , 2393). /?-Phenyh‘socarbostyril, isobenzal phthalimidine, melt 
ing at 197°, also results from the action of ammonia upon isobenzal- 
phthalide (B. 18 , 2448; 27 , 2237). 

A i-ar - 2, 3, 4 - Trihydroxy - y - methyhsocarbostyril, C4H(OI^3 > 
[€3112(0113)01^, is derived from the corresponding tsocoumarin deriva- 
tive, which is produced when concentrated sulphuric acid acts upon 
gaUacetol, CeH2(OH)3.CO.O.CH2.COCH3 (B. 26 , 419). 

25 oCarbostyril-i?-carboxylic acid, m.p. 319° with dec., has been 
isolated from fasciated plants of Syndesmon Thallictroides in the form 
of its methyl ester (C. 1909, 1 . 87). 

y-Hydroxyisocarbostyril, C9H7O2N, is isomeric with homo-phthal- 
imide. It is formed on the saponification of y-hydroxy^socarbostyril-/?- 
carboxylic ester, C9Hg02N(C02C2H5), m.p. 222°, the transposition 
product of phthalylglycine ester, CgH4(C0)2NCH2C02C2H5. The 
hydroxyisocarbostynl, on reduction with HI, gives isocarbostyril. 
Oxidation easily transforms it, like indoxyl, into indigo, a ring homo- 
logue of indigo, the so-called carbindigo, a vermilion-coloured powder. 
As indigo is oxidized to isatin, so carbindigo is converted by fuming 
nitric acid into phthalonimide, which is also formed from hydroxy- 
wocarbostyril direct, by oxidation with fuming nitric acid: 


\C0 NH 


/CO-c- 


IIN.CO/ 


^ „ yCO.CO 
*\C0.NH 


With sodium methylate and methyl iodide, hydroxy-»so-carbostyril 
gives y-methoxytsocarbostyril, m.p. 171°. With benzaldehyde 
and with phthalic acid anhydride it condenses with loss of 
water. With phthalonimide (see above) it gives carbindigo (B. 35 . 
2421). 

/ 7 -ethyl-, and /J-phenyl-y-hydrozyisocarbostyiil are ob- 
tained from phthalimido-propionic acid ester, -but3nic acid ester, 
"and -phenylacetic ester by transposition and splitting (B. 87 , 1685, 
1791). 
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' HYDRO-/SO-QUINOLINES. 

(i) Dihydroisoquinolines are formed synthetically from acylated 
<t)-phenyl ethylamines by means of PgOg (B. 42 , 1973), and by the action 
of alkyl magnesium haloids upon the iodalkylates of woquinoline (B. 42 , 
1750). In the former case, A®-dihydro«oquinolines are formed and 
in the latter case, A^-dihydro/soquinolines. These may be partly 
oxidized by means of KMn04 in acid solution to the corresponding 
isoquinolines. 

a-Methyldihydro^'soquinoline, Cj>H^(CH3)N, b.p. 236°, a-Phenyldi- 
hydroisoquinoline, C9H8(CgH5)N, m.p. 73°, a-Benzyldihydroisoquino- 
line, CgHgCCHgCgH^jN, b.p.^a 196''. 2,3-Methylenedioxydihydroiso- 
quinoline, (CH202)C6H2(C3H5N), m.p. 91°, from formyl homopiperonyl- 
amine with P2O5; with CH3I it yields hydrastinine hydriodide (C. 1911, 
II. 112). A^,a-Dimethyldihydro/soquinoline, C9H7(CH3)NCH3 , b.p.go 
150°, and iV-Methyl-a-benzyldihydroisoquinoline, C9H7(CH2C3H5)NCH3, 
b.p.9 I7 o°-i8o°, from isoquinoline iodo-methylate with CHaMgl and 
C^HgCH^MgCl respectively. 

The isocarbostyrils are ketodihydroisoqimiolines. 

(2) T etrahydroisoquinolines have been produced synthetically by the 
condensation of (u-phenyl ethylamines with aldehydes (B. 44 , 2030) ; or 
when isoquinoline is reduced with tin and hydrochloric acid, or, better, 
with sodium and alcohol. Tetrahydrotsoquinolineshows theproperlies 
of the alkylic benzylamines, while tctrahydroquinoliiie manifests those 
of an alkylic aniline : 


CHo 


\\H— CII2 

Tetraliydroquiiiolme. 


.CHa— C H* 
C.H / I 
x'ltj -NH 
Tetrahydi otsoqtiLuoliiie. 


¥etrahydroisoquinoline, CgHuN, boiling at 233°, obtained from 
w-phenylethylainine, methylal and cone. HCl, or by the reduction of 
isoquinoline, is a powerful base, which absorbs carbon dioxide from 
the air and reduces warm ammoniacal silver solutions. Itsnitroso- 


compound melts at 33°. The iodomethylate of A/’-methyl tetrahydro- 
isoquinoline, C9HioN(C 113)2!, melting at 189°, is obtained from methyl 
iodide and tetrahydroisoquinoline. 

The A-methyltetiahydroisoquinoline itself, b.p. 212°, is best 
obtained by the reduction of isoquinolinc iodomethylate with Cu and 
HCl. Chromic acid oxidizes it to phthalone-methylimide (B. 37 , 1943) ; 
while N-ethyl and A-propyl tetra^droisoquinolines, with iodo-acetic 
acid i-menthyl ester, each yield two stereo-isomeric addition products, 
CeHioN(R)(CH2C02Ci9Hi9)I, of different optical rotations. From 
these, by the action of moist silver oxide, menthol may be split off, 
and two pairs of opposite optically active betaines of the formula 


are produced. Here we have, therefore, 

\ — CH, — / 


a synthesis of optically active nitrogen compounds (B. 41 , 456; 42 , 


2138). 

N-Benzoyltetrahydrotsoquinoline, botling at 245^ to 250° (50 mm.), 
is converted by KMn04 into w-benzoylaminoethyl-o-benzoic acid, 
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CHj CHj 

CeH4< I . The latter readily parts with water and 

^COOH NHCOC4H5 

becomes the benzoyl derivative of — 

,CHs— CHj 

Hydro/socarbostyril, ketotetrahydroisoquinoline^ CeH^^ 1 , 

\CO NH 

melting at 71° (B. 26 , 1220). 

iV,a-Dimethyltetrahydroi5oQuinoline, C9H9(CH3)NCH3, b.p.20 126®; 
N - Methyl - a - benzyltetrahydro^soquinoline, C9H9(CH2C<jH5)NCH3, 
b.p.i2 178°, is the foundation substance of Laudanosine; it can be split 

up by A. W. Hofmann's method to o-vinylstilbene, 

(B. 42 , 1750). Oxidized with manganese dioxide and dilute H2SO4, 
it splits off the benzyl group in the form of benzaldehyde, and yields 
oj-methylamino-c^-ethylbenzaldehyde, from which acids form iV- 
methyldihydrofsc;quinolinium salts (C. 1910, I. 185): 

JCHg — CH2 ^ rCHj— Clla jCHa— CHj 

I CH(Cri2CcH5)NCIl3'^ NliClIa^-NaOH lCH--.-N(CH3)I 

Compare the splitting up of benzyb’soquinoline iodomethylate and of 
the dihydropyndincs (above). 

2,3-Dimethoxydihydro/vSoauinoline, b.p.24 207°, is analogously 

formed from tetrahydropapaverine (C. 1909, II. 2178; 1910, 1 . 
1258). 

Tetrahydrofsoquinoline-/ 5 -carboxylic acid, Ci)Hio(C02H)N, m.p. 311®, 

is formed from i>henylalaiune, methylal, and concentrated HCl. It 
decomposes into CO., and tetrahydrofsc^quinolinc (J1 44 , 2034). 

Cl I., —CO 

The homo-plithahimdes— c.g., Coll/ 1 —are diketotetra- 

^CO— -NH 

hydrox^oquinolines. * 

The alkaloids bcrhcrinc, hydrastine ^ narcotinc, are derivatives of 
tetrahydrofsequinoline. 


V. PHENANTHRIDINE. 

It can be considered both as a benzo-derivative of quinoline and of 
isoquinoline. It results also from phenanthrene by replacing one of the 
intermediate — CII - groups by nitrogen: 



It is isomeric with the naphtho-quinolines. 

Phenanthridincs are produced upon heating the acidyl derivatives 
of o-aminodiphenyl (B. 29 , 1182): 




OCH C.H.— CH 

I -> { II * 

-NH C,H«— N 


C,H, OCCH, 

i,H4 — iIh 


C,H4— CCH, 
•>l II 
C,H4— N 
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Phenanthridine» CigH^N, melting at 104® and boiling above 360®, 
results by heating benzyUdene aniline: 


CeH6CH = NCeHa ► CeH4CH=NC,H4 


and from iV-mcthylcarbazole, like pyridine from methylpyrrole and 
quinoline from a-methylindole (B. 38 , 1950) : 


c,u/ 


N 


and when phenanthridone is distilled with zinc dust. Bleaching powder 
and cobalt nitrate reoxidize it to phenanthridone (B. 26 , 1964), 
while tin and hydrochloric acid reduce it to dihydrophenanthiidine, 

! 1 

C^H^CH^— NHC6H4, melting at 90® (A. 266 , 142). 

ws-Methyl-, ethyl-, and phenyl-phenanthridine melt at 85°, 55®, 
and 109° (B. 29 , 1184). 

1 I 

Phenanthridone, C(5H4CO.NHCoH4, melting at 293°, is produced 
on treating diphenamic acid with bromine and caustic potash: 

c.H.^ 7^'-« 

CONHj coon NHa COOIi Nil— CO 


as well as by the rearrangement of o-aminophenylene ketone, on fusion 
with caustic potash; by transposition of diphenylene ketone oxime 
with zinc chloride ; and, finally, from (?-diphcnyl urethane, C<,Il5CgH4- 
NHC02 Cj,H 5, on digestingit with zinc chloride {B. 26 , R.712; 28 , R. 455; 
29 , 230, 1188). Phenanthridone and phosphorus pent achloride yield 

I i 

chlcfTophenanthridine, CQli^CCl=lSCJij^, melting at 116°. A^-Methyl 
phenanthridone, CigHgONCH,, melting at 108°, is formed in the action 
of alkaline potassium ferricyanidc upon methyl phenanthridiniutn 
iodide, C13H9N.ICH3 (B. 26 , 1962; compare pyridinium and quino- 
linium compounds, pp. 164, 192). A by-product is iV-methyldihydro- 
phenanthridine, C13H20NCH3 (B. 35 , 2534). 

CioHg.NH 

a-Naphtho-phenanthridone, | 1 , m.p. 33®, and / 3 -Naphtho- 

CgHg . CO 

CgHg . NH 

phenanthridone, 1 | , m.p. 338®, from a- and i 3 -chryso-diphen- 

aminic acids respectively, on distillation with zinc dust yield a- and 
/?-naphtho-phenanthridines, m.p. 135® and 182® respectively (A. 335 , 
124). 
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mi. NAPHTHYRIDINES, NAPHTHINOLINES. 


The union of two pyridine nuclei or of two quinoline nuclei in 
the manner of naphthalene gives rise to the hypothetical parent 
substances; 


rrapluhyr»(lin 



and 


Naphihinoliti 



Thus far only the following derivatives of these bodies have been 
prepared : 

a-Hydroxy-y-phenyl-naphthyridine, m.p. 150°, by the condensation 
of a-amino-pyridine with benzoyl acetic ester (C. 1911, I. 987): 


CH-CH— Cll C.lI^iCO.ClIa CH-CH— t:.C(CeH5) ;CH 

CH-^ N— C.NHa + JiOCO K— C— N C(OH). 


Octohydronaphthyridine, (forms a plaiimim double salt), 

melts at 227"^, and is prepared from y,y-diaminodipropyl acetic acid 
(B. 26,2137): 


CIIa-CHa-ClIa- Cll-Clla-Cl !»- CH^ CH3-CH2- CH^- CH-CHa-CHg-CH, 
Nlij OXUH NI4 C NH 

Tetrahydronaphthinoline, melting at 212^ is formed by 

CHa— CeH* 

the reduction of o-diiiitrodibenzylacc tic acid, | | | , 

NO* OCOH 

in a manner similar to that of the naphthyridine body. Mercury acetate 
oxidizes it very easily to dihydronaphthinolinc, iR^lting at 

201®, the salts of which show an intense green fluorescence. It is 
reduced by sodium amalgam in glacial acetic acid solution to hexa^- 
hydronaphihinolinc, Ci^jHigN2( + iJHoO), melting at 128'" (B. 27 , 2244), 


Vll. QUINDOLINES. 

These are formed by the junction of aquinolineandanindole nucleus. 
Two isomeric quindolines are known, which may be distinguished as 
peri- (I.) and a«a-quindoline (II.) respectively; 



^m-Quindoline, m.p. 343®, is formed by the reduction of oo-dinitro' 
cyano-dibenzyl, N0aCflH4CH2CH(CN)CgH4N02, with alcohol am- 
monium sulphide j[B. 30 , 3020). The isomeric ana-qaindoline, m.p. 
248®, is obtained by the condensation of indoxyl and indoxylic acid 
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respectively with o-amino-benzaldehyde, as well as by the reduction of 

dihydroxy-quindoline, hy means of HI and 

phosphorus. The latter is formed by the action of caustic soda upon 
oo'-dinitro- benzyl malonic ester. 

af^a-Quindoline carboxylic acid, CisH^NgCOgH, is formed by the 
condensation of indoxyl with isatinic acid in alkaline solution. Also 
by intermediate formation of these components on heating indigo with 
sodium hydro-sulphite and alkali (B. 43 , 3489, 3512). 


VIII. ACRIDINE GROUP. 


Acridine represents an anthracene, one of the intermediate CH- 
[groups of which is replaced by nitrogen: 


CH 

I 


S ms 4 

^CH\^_/CH\c/CH\c^j 


b 1 


Its relations to quinoline and pyridine follow from its oxidation to 
quinoline dicarboxylic acid and pyridine tetracarboxylic acids. 

Acridine occurs in the crude anthracene of coal-tar. Some of its 
derivatives are important technically as dyes. Acridines may be 
synthesized : 

I. From diphenylamine with carboxylic acids, or from the acidyl 
derivatives of diphenylamine, if they be heated together with zinc 
chloride. This is analogous to the formation ol the phenanthridines 
from acidyl o-amino-diphcnyls (Bernthsen, A. 224 , i) : 

C«h/ 1 ^Cellfi > CeH,< | yC.lU 

CHo N:h^ 

Formyidiphenylamine, Acnduie, 


♦ This reaction is regarded as a proof of the para-union in acridine. 

Homologous acridines are similarly obtained from diphenylamine 
and the higher fatty acids. In them the hydrogen of the CH-group is 
replaced by alkyls. They are called w^so-derivatives (B. 18 , 690; 
25 , R. 940). The substituted diphenylamines {B. 24 , 2039), ditolyl- 
aminc, phenylnaphthylamine, etc., react just like diphenylamine. 

2. Various acridine compounds have been prepared from the 0- 
amino-derivatives of di- and tri-phenyl methane (B. 26 , 3085) : 





N, 


CjHjCH 


\C7H6(NH,),' 


CfiHsC 


/C7H6(NIIg)\ 

\C7Hj(NHa)/ 


and naphthacridinesare also obtained by the condensation of aldehydes 
with anilines and naphthols, and of o-aminobenzyl alcohol, or o-amino- 
benzyl chloride with naphthols or ^aphthylajninc (B. 86 , 1027; 
38 , 3787; 89 , 2623; C, 1908, 1 . 384), 
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3. Naphthacridines are eilso obtained from o-tolyl-naphthylamines 
by oxidation with S or PbO (B. S 7 , 2923; compare C. 1906, 
I. 58): 


/C.H,.CH3 

NII<f 


-> 


Acridones are prepared (rom the arylanthranilic acids (B. 26 , 
R. 712; 27 , R. 642), just as anthraquinone is obtained from benzoyl 
benzoic acid: 


HOCO. 

CoHsv >C,H, 

\\II 

Phcnylantliramhc Acid. 



AcnJone. 


or by the action of phenols (naphthols, etc.) upon acetanthranilic acid 
(B. 25 , 1983, 2740). 

Similarly, ws-phenylacridincs are formed by eliminating water 
from o-anilinobcnzoplienones with concentrated H2SO4 (B. 39 , 

29S, 356): 

/COCJIa /ClCoH^), 

CcH/ /CJI, >C,U,( , \C,U,. 

\n / 


The acridines are very stable compounds. They are more feeble 
bases than the pyridines and quinolines. They combine with alkyl iodides 
to alkyl acrid] ni urn iodides, which are converted by alkaline potas- 
sium ferricyaiiide (similar to the pyridinium, quinolinium, and iso- 
quinolinium iodides) into ;j-alkyl acridones. When the acridines are 
reduced they become dihydro-acridines, which readily revert to the 
acridines. • 

Acridine, C13H9N, melts at 110°. It sublimes at 100°. Its solutions 
have a blue fluorescence. It is isomeric with phenanthridine and the 
naphtho-quinolines. In addition to the general reactions, it is also 
produced when diphcnylaniine is heated with chlorofoiTn and zinc 
chloride to 200"" (B. 17 , loi), and in the distillation of acridone with 
zinc dust (B. 26 , R. 714). Potassium permanganate oxidizes it to 
acridic acid, or quinoline-a,/?-dicarboxylic acid, from which it was 
concluded that quinoline and pyridine had the diagonal formula 
(Riedel, B. 16 , 1612). 

In the oxidation of the acridinium compounds the heterocyclic 
nucleus is ruptured and phenylaminobenzoic acid, CgH5.NH.C^H4.- 
COOH, is produced. 

Acridine, in chloroform or CSo solution, forms with halogens certain 
loose addition products of the formula Ci3H9N(Hlg)2, which regenerate 
acridine under the action of water, or even on standing, with evolution 
of the halogen. The dichloridc melts at 240°, the dibroinide at 187®, 
the di-iodide at 145® (C, 1904, II. 1059). 

rCH[a]l 

Pheno-i,2-naphthacridine,CaHJ | KioH„ m.p. 131®, from form- 

• * In [p]) 

aldehyde, aniline, and i^-naphthol, or from o-aminobenzyl alcohol 
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or o-aminobelizyl chloride with / 5 -naphthol (B. 869 2670; 87 , 
and from o-tolyl-iS-naphthylamine by oxidation with PbO. 

{ CH[p} \ 

I ICioH,, m.p. 108®, by the 
N [a]j 

oxidation of o-tolyl-a-naphthylamine with PbO (B, 87 , 2922). We 
may note the formation of pheno-1,2- and -2,1-naphthacridine in the 
pyrogenic way from benzylidene-/?- and -a-naphthylamine respec- 
tively, C^HgCH : NCiqH^, while bcnzylideneaniline, under similar 
conditions, does not yield acridine, but phenanthridine. 

Of the six theoretically possible dinaphth acridines, four have been 
prepared (C. 1906, II. 1505). 

1,2-2', I'-Dinaphthacridine, c^o ^el m.p. 228®, and 


i,2-i',2'-Dinaphthacridme, ] 


216®, from tri- 


oxymethylene and ^-naphthol with a- and /?-naphthylamine respec- 
tively (B. 36 , 1027). 

2,1-2', I'-Dinaphthacridine, m.p. 185°, from 

methylene chloride and a-naphthylamine. The fourth isomeride, 

m.p. 203°, has been 

prepared from the corresponding dinaphthacridone by zinc dust dis- 
tillation (B. 84 , 4146; see also B. 35 , 4164). 

Diphenanthacridine, from methylene chloride and 9-amirio-phen- 
anthrene (C. 1908, II. 2013). 

' ms-BIethylacridine, Ci3Hg(CH3)N, m.p. 114®, from acetyldiphenyl- 
amine, like quinaldine and picoline, forms condensation products with 
ben;?aldehyde and chloral: Ci3HgNCH2CH(OH)CgH5, m.p. 197® (B. 88, 
2840), and Ci3H8NCH2CH(OH)CCl3; the latter, with ikalies, yields 
ms-acridyl-acrylic acid, CigHgNCH: CHCOOH; KMn04 oxidizes this 
to acridyl aldehyde, CjgHgNXHO, and further to ms-acridine carboxylic 
acid, CijHgNCOOH (B. 20 , 1541). ws-Benzylacridine, Ci3H8(CH2- 
C8H5)N, m.p. 173°, from diphenylamine with phenyl acetic acid and 
ZnCla at 200® (B. 37 , 1565). 

ms-Phenylacridine, Ci3H8(C3H5)N, m.p. 181®, from diphenyl- 
amine and benzoic acid, crystallizes from benzene, together 
with benzene of crystallization. ^-Dimethylamino-ms-phenylacridine, 
(Ci 3H8N)C8H4N(CH3)2, m.p. 279®, by the condensation of acridone 
and dimethyl-aniline by means of POCI3 (B. 40 , 4795). l^droxy-ws- 
phenylacridine (see C. 1904, II. 1509). ms-Acridyl-benzoic acid, N(CeH4)a- 
CC^H^COOH, m:p. 347®, is prepared from diphenyl-amine and phthalic 
acid; by heating with methyl iodide, it is converted into the HI salt 
of its ijiethyl ester, m.p. 173° (B. 37 , 1007). Treatment with fuming 
sulphuric acid condenses it to a compound containing a combined 

c H Q Q rj 

acridine and anthraquinone nucleus, •* * This compound 

is also formed from a-anilido-anthraquinone, and closely approaches 
the coeroxenes in its structure and fiehaviour fC. 1902, 11 . 368; 
A. 848 , 242), 
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Chiysaniline, ms^-Aminopheiiyl-2-amuioacridine, 

,C{C,H4NH,)^ 

NH,C,H,< I >C,H4, melting at 268®, is the chief constituent 

^ 

of the beautiful yellow dye phosphin, which is obtained as a by- 
product in the rosaniline manufacture. It forms red-coloured salts; 
these dye silk and wool a beautiful yellow. Their solutions exhibit a 
beautiul yellow-green fluorescence. 

The formation of chrysaniline from pararosaniline proceeds evi- 
dently according to the diagram of method 2 for the acridines. 

Yellow to orange-red dyestuffs are also provided by a series of 
other amino-derivatives of acridine, w$-phenylacridine, and the corre- 
sponding alkylacridinium salts (B. 34 , 4307) — e.g.. Acridine Yellow , 
2, 7-dimethyl-3, 6-diamino-acridine, obtained from tetramino-ditolyl 
methane byj^heating with HCl and oxidation with ferric chloride; 
Benzo-flavine, mS‘phenyldiamino-2,j-dimethylacridine, ' m.p. 231®, 
obtained from benzaldehyde and m-toluylenc diamine (B. 32 , 

2352). 

Hydro-acridines. — ms-Dihydroacridine, NH(CgH^)2CH2, is formed 
when acridine is reduced with zinc dust and hydrochloric acid. It 
no longer manifests basic properties, and melts at 168®. It reduces 
ammoniacal silver nitrate with the regeneration of acridine. It has 
been found in coal-tar (B. 42 , 1178). A"-Methyl- and A-phenyldihydro- 
acridine, m.p. 96® and 119®, by reduction of the corresponding acri- 
dones (B. 39 , 2720; 40 , 2515). Numerous alkylated ws-dihydro- 
acridines have been obtained by transposition of acridin iodalkylates 
with alkyl magnesium haloids : iV’-Methyl-?;zs-methyl-, -ethyl-, -benzyl-, 
and -phenyl-dihydroacridine, CH3N(CgH^)XHR, m.p. 138°, 72°, 108®, 
and 104®; on oxidation with iodine solution these dihydroacridihes 
pass into the iodo-methylates of the ws-alkylacri dines, which can be 
again transformed with alkyl-magnesium haloids (B. 42 , 1746). • 
^z-tetrahydroacridines have been obtained by the application ot 
quinoline syntheses 2 and 4c (above) to the cyclic ketones of the hexa- 
methylene series: (i) By the condensation of cyclo-hexanones with 
aromatic o-amino-aldchydes and -ketones; (2) by the condensation 
of a-acylated cyc/o-hexanones with aniline and its homologues 
(A. 377 , 70). 

B2:.Tetrahydroacridine, m.p. 55®, on distilla- 

tion over lead oxide, yields acridine. 

Alkyl-acridinium Compounds. — ^Acridine iodo-methylate, C13H9N- 
(CH3I), resembles, in its transformations, the iodalkylates of pyridine, 
quinoline, andisdquinoline ; withNallO the transposition of the unstable 
acridinium base produces AT-methyldihydroacridol (B. 37 , 576), 
which, with acids, regenerates to acridinium salts. It is transformed 
by alkaline potassium ferricyanide solution into iV-methylacridone, 
and on heating with NaHO alone is transformed into a mixture of 
iV-methyldihydroacridine and iV-methylacridonc (B. 35 , 2534) : 



NaOH 


HI 


HO\ 

^^^(CeH4),NCH3- 


-> n,C(CeH4),NCH, 
OCfCeHO^NCH, 
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Similarly, ws-phenylacridine iodomethylateproduceslV-lliethyl-ws- 
phenyl-hydracridol, ^|^>C(C,H4),nch„ which is also obtained by the 

union of 2 V-methylacridone with phenyl magnesium bromide, and 
which also regenerates the acridinium salts with acids (B. 37 , 575). 
From ws-benzylacridine iodomethylate, instead of hydracridol, we 
obtain iV-methyl-wts-benzylidenehydracridine, CgHjCH : C(C8H4)2NCHa, 
m.p. 141°, which is easily split up into benzaldehyde and iV-methyl 
acridone (B. 37 , 1564). We may note the behaviour of m-acridyl 
benzoic acid ester, the iodo-methylatc of which, treated with NaHO, 
3delds iV-methyl-hydracridolbenzoic acid lactone, m.p. 245“. This 
body, with HCl, gives the chloro-mcthylate of acridyl benzoic acid 
(B. 37 , 1002) : 

COOCH, I 1 A CO.Ov CO,H | 1 .Cl 

^C(C,H.)jN< — >C{C,H4),NCH3— /C(C,H,)3N< 

N:h, c,H4 / c,h/ \ch. 

With alkyl magnesium haloids the acridine iodalkylates give alkyl- 
ated ws-dihydro-acridines, and with potassium cyanide iV-alkyl-ms- 
cyanodihydroacridines (B. 42 , 1746; 44 , 2052) : 

H: ^CHg Iv 

CO 

V'' Acridone, ketodikydroacYidiney CeH4< melting at 354®, 

can be distilled. It is formed when sulphuric acid at 100® acts upon 
phenylanthranilic acid, and by the dry distillation of the anilide of 
salicyclic acid, when it may be assumed that the hitter first rearranges 
itself to phenylanthranilic acid. The salicyltoluidcs also yield methyl- 
ated ,acridones (B. 29 , 1189). 

We may also note the formation of acridone by the transposition 
of C-phenyl-anthranil on heating al<)ne or on simultaneous treatment 
with concentrated sulphuric and nitric acids (B. 42 , 592, 1716): 

Compare the transformation of C-methyl-anthranil into indoxyl. 
With methyl iodide and alkali acridone gives N-methyl-acridone, 
CO(CgH4)2NCH3, m.p. 203°, the formation of which, from the iodo- 
methylate of acridine, has already been mentioned. Phosphorus sul- 
phide produces thio-acridine, CS(CgH4)2NH or IIS.C(CfiH4)2N, m.p. 
^575®. This has also been obtained by heating acridine with sulphur. 
It has an acid character, and is alkylated on the sulphur on treating 
with alkali and halogen alkyl, giving acridyl methyl sulphide, 
N(CgH4)2CSCH3, m.p. 114°. With PCI5 acridone, like thio- acridone, 
gives ms-chloracridine, N(CgH4)2CCl, m.p. 119®; ws-bromacridine, m.p. 
116®, from thio-acridone with phosphorus bromide; ms-iodacridine, 
m.p- 169°, from bromacridine with Nal (J. pr. Ch. [2], 64 , 471). On 
heating AT-methyl acridone with PCI5 we obtain ^-chloiacridinium 
ddorometbylate, Ci3HaClN(CH3.Cl), m.p. 73®, which,, with aniline, 
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becomes tns-anilino-acridinium chloro-methylate ; the ammonium base 
corresponding to the latter splits off H20 and gives iV-methylacridone 
anil, CjjHgN : C(CgH4)2NCH„ m.p. 163® (B. 32 , 1309). On heating 
with zinc dust acridone forms acridine, and with Na and alcohol 
dihydro-acridine. On the reduction of iV-methylacridone, see B. 42 , 
1176. iV-Phenylacridone, CO(C3H4)2NC,.Hrj, m.p. 276®, from diphenyl 
anthranilic acid and concentrated HgSO^ (B. 40 , 2450). 

The following are obtained in the same way as acridone : 

4-Methylacridone, CHa.cji3.(^.^)CflH4, melting at 346®; 

2-Methylacridone, melting at 338®; 

2,4-Dimethylacridone, melting at 297® (B. 27 , R. 642) ; 

CO 

Pheno-naphthacridone, 0,1^4 and 

CO 

Dinaphthacridone, (B. 25 , 2744). 

Anthacridone (see A. 380 , 336). 

CO 

B^-Tetrahydro-acridone, CcH4<^:jj>cji«. m.p. 358®, by the con- 
densation of cyr/ohexanone with anthranilic acid (B. 42 , 621). 
Decahydro-acridinedione, CH^(C6HflO).,NH, from methylene his- 
dihydro-resorcin with alcoholic NH3, gives acridine on heating with 
zinc dust, and on oxidation with NgOjit gives octo-hydro-acridinedione, 
m.p. 141® (A. 309 , 353). 

Peculiar acridine derivatives arc obtained by the condensation of 
acidyl carbazoles (B. 24 , R. 829; 25 , R. 114) : 


CcHs CeHs 

CO C 



Benzoyl-carbazole. ws-rhcnyl-carbazacndinc, m.p. i86®. 


By the linking of the acridine nucleus with one or two pyridine or 
quinoline nuclei, compounds are obtained wdiich may be termed 
pyracridines and quin acridines respectively: 



Dipyracridine, m.p. 303®, is obtained by the condensation of methy- 
lene chloride with 3-amino-quinoline; a- and / 9 -naptho-pyracridine, 
m.p. 268® and. 220®, from methylene chloride with 3-amino-quinoline 
and a- and /?-naplUhol respectively (sec acridine synthesis 2 and C. 
1909, II. 2177). 
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3, 2-Quinacridine, yellow needles, m.p. 245°, is formed from3,2-qtun- 
aeridones CeH4<^Q>C«Ha<^^>c«H4, which occurs in yellow needles 

melting at 394°, and is obtained S5mthetically from ^-phenylene 
dianthranilic acid with concentrated H2SO4. This latter body is 
first reduced to dibydro-quinacridine, red needles, m.p. 243°, by means 
of Na and alcohol, and then oxidized with EeCl^ and nitric acid. The 
quinacridone, when oxidized with PbOj in benzene in the presence of 
glacial acetic acid, loses two H atoms and yields the quinone-like sub- 
stance dehydro-quinacridone, CaHi. This forms 

blue-black flakes soluble in benzene with a blue coloration, and 
possesses remarkable oxidizing properties (B. 39 , 1693; 40 , 2522; 
48 , 2209). 

The isomeric 2,i-quinacridine, m.p. 213°, is obtained by zinc 
dust distillation from hydroxy-qninacridiiie, which itself is produced 
by heating phloroglucin with anthranilic acid: 

/COOH /COv /COv 

2C,H4<( +CeH03 y,H(on)<f X1I4. 

In a similar manner, phloroglucin condenses with o-amino-benzal- 
dehyde to form ozy-quinacridine, garnet-black needles, m.p. 360®. 
Simultaneously the junction of i molecule phloroglucin with 3 mole- 
cules o-amino-benzaldehyde produces the so-cnlled phloroquinyl or 

2,1-4,3-dtquinacridine, , yellowish-brown needles, m.p. 

403®, a ring homologuc of phcnoiripyridinc ( 15 . 29 , 76; 39 , 385). 
Concerning diacridines, see B. 39, 2650. 


' IX. ANTHRAPYRIDINES. 

The a- and /?-antlirapyridincs arc isomeric with acridine: 



a-Anthrapyridine, C^ ^HgN, melting at 275®, results from the reduction 
of a-anthrapyridine quinone, Caii4<^Q>CeH3N, melting at 280°, which 
is made by condensing /i-benzoylpicolinic acid with sulphuric acid. 
/?-Anthrapyridine, melting at 166®, is similarly formed from /3-anthra- 
PSnidine quinone, the condensation product of y-benzoyl nicotinic acid 
(B. 28, 1658). 
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VEGETAT 3 LE ALKALOIDS.* 

Formerly, all nitrogen-containing bodies occurring in plants and 
possessing basic, alkaline character, or derivatives of the same, from 
which bases could be isolated, were designated as alkaloids. 

Many of them [betaine, asparagine, caffeine, theobromine, hordenine, 
stachhydrine, etc.) have, in accord with their constitution, been 
already discussed with the various amino-derivatives; most of those 
remaining which have been studied recently show themselves to be 
derivatives of pyridine, quinoline, and zsoquinoline, and the name 
** vegetable alkaloids ” is usually reserved for these. 

Several of the alkaloids dealt with below are derivatives of other 
heterocyclic nuclei. Thus morphine, the oldest known alkaloid, turns 
out to be a derivative of a complicated heterocyclic nucleus not hitherto 
synthesized, while hygrine is a derivative of pyrrolidine and pilocarpine 
a derivative of glyoxaline, etc. A more general definition of a vegetable 
alkaloid is a basic compound occurring in nature, in wliich at least 
one N atom forms part of a cyclic system” (Ladenburg, A. 301 , 117). 

These vegetable alkaloids arc usually the active constituents of 
vegetable drugs officially classed as medicines or poisons. 

Because of their great number and their often unusually remark- 
able physiological and pharmacological properties they constitute one 
of the most interesting classes of carbon compounds. 

Occurrence . — The vegetable alkaloids occur almost exclusively in 
the dicotyledons. Of the alkaloids described below, only veratrine, 
betel nut essence, and the poorly investigated colchicine are formed 
in monocotyledons, while the large families of the Compositai and 
Labiatas do not furnish them. In plant.s they are generally combined 
with widely distributed plant acids — e.g,, malic acid, citric or aconitic 
acid, and tannic acid. Many are accompanied by acids which 
usually are found associated with definite alkaloids — e.g., the opium 
alkaloids are united with meconic acid (p. 150), and the cinchona alka- 
loids with quinic acid. The alkaloids prized for their pharmacological 
properties arc the subject of technical isolation. The artificially 
prepared carbon compounds, having similar physiological action, 
hold a subordinate position compared with them — ^.g., quinine and 
antipyrine ; atropine and several tropeins ; cocaine and eucaine. 

On the generation of alkaloids in plants, see Bull. soc. Ch. [3], 35 , 
1316.44,2032. 

Some alkaloids contain no oxygen, and then arfe generally liquid 
and volatile — e.g., piperidine, coniine, nicotine, and sparteine. Most of 
them do, however, contain that element, and are solid and non- 
volatile. Nearly all are tertiary amines; some, however (like the 
hydrides of the pyridine nucleus), belong to the secondary amines. 
Many (like pilocarpine) are ammonium bases. Tannic acid, phospho- 
molybdic acid, platinic chloride, and many double salts (like Hgl^.K!) 
precipitate all these bases from their aqueous solutions. The bases are 
regained from these compounds by alkalies. 

* Consult " La Constitution cliimique dcs Alcaloides v6g6taux,” par Amd 
Pictet. Paris, G. Masson, 1897 ®d.). 
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The alkaloids have a more or less bitter taste. Most of them are 
optically active and, generally, laevorotatory (I. 54). Coniine, narco- 
tine, and pilocarpine are dextrogyratory. Pipeline is inactive. Many 
alkaloids give characteristic colours with chlorine water, nitric acid, 
or concentrated sulphuric acid. 


THE PYRIDINE GROUP OF THE VEGETABLE AJHvALOIDS. 

Pipeline, 

/CH 2 — ctt 2\ rLv'JOx 


melting at 128°, occurs in different varieties of pepper, the fruit of 
Piper nigrum and Piper longnm. It dissolves with a deep red colour in 
sulphuric acid. It is decomposed by boiling alcohol into piperidine 
and piperic acid. 

The two decomposition products of piperine have been built up 
from their elements, and by allowing the chloride of piperic acid to 
act upon piperidine the synthesis of piperine itself has been realized 
(B. 27 , 2958). The synthesis of coniine presupposes that of piperidine, 
and is represented by diagram under coniine. Artificial piperincs 
have been prepared from the synthetic a-alkyl and a-phenyl piperic 
acids with the assistance of the cbloride.s (H. 28 , 1195). 

Tetrahydropiperine, CJL7H23NO.J, b.p.i,.. 280® (sec B. 44 , 2942). 

.CH,— CIl^ClL Cn.CHa, 

a-Coniine, d,a,n-propyl piperidine, -C 1 1.,< ^ )i\ l f 

“ Xiia-ciij/ 

boiling at 167^ with sp. gr. 844 (20'’), [ajo- +157 19'' 

(B. 27 , 3062), occurs, together with A"-methylcomiiui and ^-coniceine, 


CH 


^CH -=C(C3ll7) 
“N:!!,— CHj — 


\ 


NH (B. 28 , 302, s3mthesis; B. 42 , 4059), conhydrine 


and ^5^jw^/o-conhydrinc, in hemlock {Coniiim maculatum), especially in 
the seeds. On the separation of these alkaloids, see B. 38 , 3018. 
Coniine is a colourless liquid with a stupefying odour. It is a very 
powerful poivSon. 

History. — Gicscckc (1827) discovered coniine. A. \V. Hofmann 
(1881) determined its molecular weight, and in 1884 demonstrated 
that it yielded conyrine or a-propylpyridine upon distillation with zinc 
dust. Obtaining picolinic acid by oxidation, he thus proved the a- 
position of the propyl group. The synthesis of optically inactive 
coniine, its decomposition into d- and Z-coniine, and thereby the first 
complete synthesis of an ojdically active alkaloid, are due to Ladenburg 
(1886) (B. 22 , 1403). 

The following diagrams represent the decomposition of coniine, 
which corresponds to that of piperidine, and also the s^mthesi.s, which 
presupposes that of ])iperidine and pyridine. 

Decomposition of Coniine. — The reduction of natural ^Z-coniinc (i) by 
hydriodic acid resolves it into w-octane (2) and ammonia (B. 18 , 13). 
The distillation with zinc dust leads to conyrine (3), or a,w-propyl 
pyridine, which hydriodic acid reduces*to inactrveJ/Z -i- Z]-coniine, while 
upon oxidation it becomes picolinic acid (4) or pyridine-a-carboxylic 
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acid. Hydrogen peroxide oxidizes coniine to S-amino-w-octoic aldehyde, 
or amino 5 -propylvaleraldehydc (5) (B. 28 , 1460). Nitric acid oxidizes 
conylurcthane (6) to carbethoxyconinic acid or y-carboethylamino-n- 
heptoic acid (7) (B. 15 , 1947), which yields coninic acid when heated 
with hydrochloric acid. Potassium permanganate oxidizes benzoyl 
coniine to benzoyl homoconinic acid or 3 -benzoylamino-n-ocloic acid 
(8) and benzoyl-a-aminovalcric acid (9) (B. 19 , 502). Nitrous acid 
converts coniine into nitroso-coniine (10), which breaks down, on heat- 
ing with phosphorus pentoxide, into water, nitrogen, and conylene (ii). 
Methyl iodide and coniine combine to dirnethylconiiiium iodide (12), 
which is changed by sodium hydroxide to dimethylconiinc, CgHi5N(CH3)2 
(13). The latter is not homogeneous, but consists of a little methyl- 
coniine and a mixture of two isomeric bases formed by the splitting of 
the piperidine ring between the N and the ct-C-atom and between N 
and the a^-C-atom respectively. With methyl iodide they combine to 
form iodides (14), which with silver oxide yield the so-called trimethyl 
coniniiim hydroxide, .N(CH3)3(OH) (15), which on distillation 

splits up into water, trimethylaniinc, and conjdenc (ii). With III, 
dimcthylconiine combines energetically. Reduction of the hydro- 
iodide produces a mixture of two saturated ba^es, one of which has 
been identified as diiiiethyl-nurmal-octylainiuc through its iodoincthy- 
latc (A. 298 , 131). 
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Synthesis of Coniine (B. 22, 1404; 40 , 3734). — We start with the 
synthesis of glycerin, which may be undertaken either by way of acetic 
acid or of nitro-methane (Vol. I.). Glycerin is converted into ally 
bromide. Allyl bromide and hydrobromic acid combine to trimethy- 
lene bromide, the latt;,er yielding, by way of trimethylene cyanide and 
reduction, pentamathylencdiafninc, from which piperidine results by 
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the elimination of ammonia ( 1 . 334). Piperidine may be oxidized to 
pyridine, the iodo-mcthylate of which — pyridinium iodide — is changed 
at 300® into a-picolinc iodo-hydrate. 

a-Picoline condenses with paraldehyde to a-methylpicolylalkine, 
which is converted by successive treatment with HI and Zn dust into 
a,«-propylpyridine, or by heating with concentrated PICl into a-propenyl 
pyridine. The latter can also be obtained by heating a-picoline with 
paraldehyde to high temperatures. Reduction of a-propyl- or a- 
propcnylpyridine with Na and alcohol produces inactive coniine. 

^-Coniine ^-tartrate separates first from a solution of dextro-tar- 
trate of inactive coniine; and caustic potash resolves it into a coniine 
identical with the natural coniine. As dextro-tartaric acid can be pre- 
pared from synthetic racemic acid, the synthesis of coniine is complete. 



I Cn,OII CIIjBr CH^Br CH^CN 

CH inci — >. pici -5-aioii — >c;u (!:n, c'n, 
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NH 
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(f-Coniine Hydrochloride melts at 218°. Nitroso-tf-coniine is a 
bright yellow-coloured oil. t^-Conyl Urethane boils at 245°. Benzoyl- 
(f-coniine is a thick oil. 

The inactive r- (racemic) or + /-coniine and the /-coniine behave 
chemically and physiologically like </-coniine. Inactive coniine is best 
formed by the reduction of y-coniceine (B. 29 , 1956). 

Besides coniine, we find in hemloclt the two igomeric oxygenated 
alkaloids conhydrine, m.p. 120°, b.p. 226°, and/>s£wi;/u-conhydiine, m.p. 
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106°, b.p. 236^*. The former should be regarded as one of the optically 
active forms of a-ethyl piperyl alkiiie, (C5H9NH)CH(OH)CH2CH3, and 
the latter as a coniine hydroxylated in the piperidine nucleus. Suc- 
cessive Ireatmejit with HI and zinc dust converts conhydrine into 
/-coniine, and psetido-covLhydvm^ into i/-coniine. On extracting water 
from conhydrine by means of P2O5 or concentrated HCl we obtain 
small quantities of y-coniceine, which occurs in nature, as well as the 
isomeric jS-coniceine or /,a-propenyI-piperidine, (QHgNHjCH: CH.CH3, 
in two probably stcreo-isorneric forms. The iodide formed from 
this by attachment of HI yields, on treatment with alkali, by intra- 
molecular alkylation the tertiary, saturated, bicyclic €.coniceine» 
CHa.CII.CH— CHj 

CHj.CHj.N CHCHa' 

T . . , , , . ^ . .. CHa.CHo.CH.CIIoV 

Isomeric with these bases is ^^-coniceme, • _ “ bCHg. 

I l 2 • i 2 • ' ' Vy Y 

which has been obtained from coniine l^y bromination with hypo- 
bromite and subsequent detachment of lIBr by means of concentrated 
HgSOj. Compare the corresponding optically inactive forms of these 
bases (B. 42 , 94, 929). CO O 


Trigonelline, Nicotinic Acid Methyl Betaine, 

melting at 218°, occurs in the seeds of Trigonclla feennm gr cecum, and 
in smeill amount, together with choline, in the seeds of Pisum sativum ; 
also in hemp {Cannabis saliva), in some species of SirophantJiHS (B. 31 , 
271), and of the coffee plant (A. 372 , 239). As Jahns has shown, 
trigonelline is identical with nicotinic acid betaine, synthesized by 
Hantzsch (1886) (B. 27 , 769). 

Arecaidine, N-Methyl-tctyahydronicotinic Acid, C5Hb(COO)N.6H3- 
( + H2O), melting at 224°, occurs, together with arecoline, C8H13NO3 
(chief constituent), arecaine, and guvacine, CgH^NOa, in 

the nut of Areca catechu. It has been obtained synthetically from 
AT-methyl-A^-tetrahydro-pyridine aldoxime by conversion into the 
nitrile and saponification (B. 40 , 4712). It is also formed, together 
with its dihydro-derivativc, dihydro-areemdine or ]A-methyl-hexcJiydro~ 
nicotinic acid, from the chi orome thy late of nicotinic acid ester by 
reduction with zinc and HCL It forms arecoline, boiling at 209®, 
when treated with methyl alcohol and HCl (csterified), which by 
saponification yields arecaidine, and it is therefore tetrahydro-N- 
methylnicotinic methyl ester (B. 25 , R. 19S; 30 , 729; C. 1902, I. 821). 
The constitution of arecaine and guvacine lias not yet been definitely 
established. 

Pilocarpine, CiiHiflNaOa,^^ = + ioi-6°, and Pilocarpidine, 

C10H14N2O2, occur in the Jaborandi leaves of Pilocarpus pennatifolius. 

Pilocarpine is a poison which acts like nicotine (A. 238 , 230). The 
injection of it in|o milch cows occasions a very appreciable increase 
in the sugar of the milk (B. 26 , R. 247). 

The constitutioi^of^pilocarpine and pilocarpidine, formerly regarded 
as known, is still, according to recent researches, undetermined. 
Pilocarpine contains a methyl group attached to N, and this is absent 
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in pilocarpidine. Pilocarpine is easily converted into an isomeric base, 
wopilocarpinc — e.g., by heating its hydrochloride. On the other hand, 
wopilocarpine, on lieating with alcoholic potash, passes partly into.pilo- 
carpine (C. 1905, II. 140). Pilocarpine and /sopilocarpine are lactones. 
With NallO they yield the corresponding oxy-carboxylic acids. 
With Br tliey yield dibromopilocarpine and 25 odibromopilocarpine. 
While the alkaloids themselves are stable in the presence of alkalies, 
their halogen alkylates are broken np by boiling with potash, forming 
mcthylamine and alkylamine, in accordance with the alkyl haloid 
used (compare the analogous behaviour of the glyoxaline derivatives). 
Since, in addition, the distillation of the alkaloids with soda lime 
produces alkylated glyoxalines, it is probable that pilocarpine and iso- 
pilocarpinc contain the ring of w-mcthylglyoxalinc. 

By oxidation w’ith CrO^, pilocarpine gives pilocarpoic acid, 
CiiH^(;N 205. With permanganate, pilocarpine and isopilocarpine 
give the lactonic acids, C„Hi20j and C-lI^oOj, homopilopic acid, 
and pilopic acid. Homopilopic acid, fused with potash, gives 
a-ethyl-tricarballylic acid, which is also obtained from pilo- 
carpoic acid by further oxidation with KMn04. From these data 
the following provisional formula has been derived for pilocarpine: 


Call-Cri-- C.H.CIh.C~M(CH3)\ ^ t 

CO.O.CII, ■ CII 35 . '-2441: 38 . 1510; C. 1001, 1 . 

1059; 1903, 930). 

Cytisine, Ulexine, SopJiorinc, melting at 152”. occurs in 

the seeds of Cytisiis laburnum, as well as in other ('ytisus vaiictic', in 
Ulex europauts, and in Sophora lomcntosa and spcciosa (J^. 23 , 3201; 
24 , 634; 27 , R. 509, 884; 28 , R. 237; 29 , R. 36, 53,; C. 1900, IL 268). 

Cytisine contains an imide group. Its acetyl compound melts at 
174J, its benzoyl compound at 116'’. With concentrated HNO3 it 
yields nitro-nitroso-cytisinc, which, by splitting off a nitros)0-group, 
may be converted into nitro-cytisine and further into amino-cytisine. 
H2O2 oxidizes it to oxycytisine, C4jH4 4N.,()2. HI and phosphorus 
yield, beside other products, cytisoline, C^iHuNO, m.p. 199°, which 
is oxidized by Crb^ to cytisolinic acid, C11H9NO3, and is reduced by 
Na and alcohol to a-cytisolidine, CuHi^N. By electrolytic reduction 
cytisine gives the base C^H.^aNg (B. 39 , 818). In the seed of Anagyris 
fcBtida we find both cytisine and the closely related anagyrine, 
C15H22N2O (C. 1900, I. 1162), N 


CHCH NCHj 

Nicotine, a- Pyridyl- [i-tclrahydro-N-inethylpyrroleSiQ^hi^2-=^ I II 

CHC— CH CH2, 

\/ I I 

CH CH2-CH2 

boiling at 247°, with .sp. gr. i‘0ii (15°), and 169*22° (C. 1906, 

I. 474), occurs in the leaves of the tobacco plant, Nicotiana tahacum, 
ill quantities varying from 0 6 to 8 per cent., depending upon the 
varieties. As a rule, the better qualities of tobacco contain less 
nicotine than the poorer sorts. 

Certain subsidiary alkaloids are found in tob^icco lye: Nicoteine, 
b.p. 267°, [a]Tj- 46*41°, a di-tertiary base, which on oxida- 
tion gives nicotinic acid ; nicotelline,CioH3N2i m.p. 148° ; and nicotiminet 
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C10H14N2, b.p. 150'’ to 155®, a tertiary-secondary base isomeric with 
nicotine ; and small quantities of pyrrolidine and iV-methylpyrroline 
(B. 34 , 696; 40 , 3773; C. 1906, II. 1619). 

Nicotine is very soluble in water. It has a disagreeable odour and 
burning taste. It is a violent poison. 

History . — Possclt and Reimim discovered nicotine (1828). Since 
1891 Blau, but more especially Pinner, has studied its transposition 
reactions. The constitutional formula proposed by Pinner harmonizes 
with its behaviour, and has more recently been fortified by the ex- 
Iieriments of Ame Pictet and Crepieux (1895), which have led to the 
syntlicsis of nicotine. 

Nicotine (i) is a di-tertiary base, with dextro-rotatory salts. It 
gives a di-iodomethylate and two isomeric mono-iodomethylates, one 
of whicli on oxidation yields trigonelline. 

Potassium ferricyanidc, or, lietter, silver oxide, oxidizes nicotine 
to nicotyrine (2) or a- /J-pyrid3dm(‘thyl pyrrole (B. 27 , 2535). Nitric 
acid, chromic acid, or potassium permanganate oxidizes it to nicotinic 
acid (3) or /hp\Tidine carboxylic acid (A. 196 , 130; see also B. 30 , 2122). 
Sodium and alcohol reduce it to hexahydronicotine and, with rupture of 
the pyrrolidine ring, octohydro-metanicotinc (3) (B. 26 , 765). With bro- 
mine and water ni('otme forms dihromonicotinc (5), CjoHgBryNaOg, which 
baryta-water n'solves into meth^damine, malonic acid (b), and nicotinic 
acid(B. 26, 292). Nic'otiiie takes up beiizo^d chloride. Hydrochloric acid 
liberates nicotine from the additi()n-])roduct, while sodium alcoholate 
])roduces a secondary base, isomeric with nicotine and melt- 

ing at 275"-278'\ It IS proliably <'^-mclli3damino-propylidenc-/J-picolin. 

Reduced with sodium and alcohol, this yields hexahydro-meta- 
nicotine and octohydrometanicotine (4). With HI and red phosphorus 
dih^^drometaiiicotiiie (<S), from which sodium hypobromite forms 
dihydromctanicouiie (9) bromiuatc'd at the nitrogen; the latter, ligated 
with concentrated 1 LS()^, splits oft HBr and forms nicotine (i) : 
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Synthesis of Nicotine (see scheme below). — Nicotinic acid amide (i) 
gives with potassium hypobromite ^-aminopyridine (2), which, dis- 
tilled with mucic acid, gives i^-pyridylpyrrole (3). Conducted 
through a feebly incandescent tube, the latter turns into a^-pyridyl 
pyrrole (4), which, \vith methyl iodide, gives nicotyrine iodo-methylate 
(5) (B. 28 , 1909). The latter is converted into nicotyrine (6) by distilla- 
tion with CaO. For reconverting nicotyrine into nicotine the following 
procedure was adopted: Nicotyrine, treated with iodine, gives iodo- 
nicotyrine (7), and this, reduced with zinc dust and NaHO, dihydro- 
nicotyrine (8). On reducing the bromination product of the latter with 
tin and HCl it is converted into tcLrahydro-nicotyrine (9), abase identical 
with the inactive nicotine obtained on heating nicotine salt solutions to 
180*^-250°. Inactive nicotine (tetrahydronicotyrinc) can, by means 
of its bitartrate, be split up into /-nicotine, identical with natural 
nicotine, and ^/-nicotine fa]r>-i- 163*17®, which is much less poisonous 
than natural nicotine (B. 37 , 1225; Bull. soc. chim. [3], 85 , i) : 
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Sparteine, Cj-hL^N.,, b.p. 325®, D20 1’02, [a] 16*42®, is a colourless 

thick oil contained in the broom, Spartium scopavinm, and, besides 
lupinine, CjoHigON, in Lupinus luteus and Lupinus niger. Sparteine 
is a saturated, di-acid, di- tertiary base, containing no free methyl 
group attached to the nitrogen. Since the presence of an aromatic 
nucleus is improbable, we must assume the existence of four saturated 
rings. On oxidation with chromic acid or alkaline potassium ferri- 
cyanide solution ityieldsoxy-sparteme,Ci5H24N20 ; with HgOg, sparteine 
oxide, Ci 5H24N202, from which sparteine is easily regenerated; with 
chromic acid we also obtain an unsaturated base, spartyrine, ^ 16 ^ 24 ^, 
and a neutral- compound, €151124^04 (B. 87 , 3^38; 88, 1772, 3268). 
The methylsparteinium hydroxide obfkined froni sparteine iodo- 
methylate with moist silver oxide decomposes, on heating with water, 
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into a mixture of two unsaturated bases methylated at the nitrogen, 
C15H25N2CH3: a-methylsparteine, m.p. 31®, and /^-methylsparteine, 

liquid. The haloid salts of a-methylsparteine isomerize in various 
conditions to the halogen methylates of a new base, the so-called iso- 
sparteine, On the other hand, the methyh'sosparteinium 

hydroxide, on heating, splits off water and regenerates a-methyl 
sparteine. These reactions, analogous to the conversion of methyl 
piperidine into dirncthylpyrrolidine, seem to prove the presence of 
at least one piperidine nucleus in sparteine (Bull. soc. chim. [4], 3 , 674, 
5 , 31). An alkaloid apparently closely related to sparteine, lupanine, 
Cir^HoiNoO, has been found in some varieties of lupins. 


II. TROPINE GROUP. 

Solannm Bases. — Several very similar alkaloids are found in many 
varieties of solannm, of whicli the best known arc the two isomerides: 
optically inactive atropine, discovered by Mein in 1833, as well as by 
Gieger and Hesse, and lajvorotatory hyoscyamine. If they are intro- 
duced in very small quantity into the e^^e they cause dilatation of the 
pupil, and arc therefore used in medicine as mydriatics. Both bases 
are found in Hyoscyamiis nif^er and alhiis, in Datura stramonium, in 
the deadly nightshade,” Atropa belladonna, and in Duholsia myo- 
pordidcs] hyoscyamine also in tlie mandragora root (B. 31 , 2031). 
The less investigated bases which accompany them arc helladonine 
(B. 17 , 152, 383), hyoscine, scopolamine (B. 25 , 260; 29 , 1771, 2009, 
2439), apoalropine (below) (B. 25 , R. 573; 26 , R. 285), all of which, as 
acid decomposition products, yield tropic and atropic acids; as basic 
constituents they yield bodies closely allied to tropine. 

CHij— CH CHa 

Atropine = /] -Hyoscyamine, j nciIj ch.o.co.ch.ch^h, 

CH^-CIi CH2 CgHs 

m.p, 115°, may be decomposed into d- and Miyoscyamine, m.p. 108®, 
by means of its ^/~campllor-sulphonate (C. 1910, I. 541). The l-hyo- 
scyaminc is contained with atropine in many plants. This body 
racemizes in part to atropine on treatment with aqueous or alcoholic 
sodium hydroxide (B. 21 , 1717, 2777, 1901^ I- 129). It is 

very probable that the two bases are physical isomerides. Atropine 
is decomposed into tropine and tropic acid, or a-phenylhy dr acrylic acid, 
CH.,0H.CH(CgH5)C02H (IT. 380), when it is heated with hydrochloric 
acid or baryta-water. Conversely, atropine is formed when tropic acid 
and tropine are evaporated with dilute hydrochloric acid (Ladenburg), 
or by transposition of tropine with acetyl-tropic acid chloride and 
rejection of the acetyl group (B. 41 , 726). Analogously, /-hyoscyamine 
decomposes on saponification with w^atcr into i-tropine and /-tropic 
acid, and can be synthesized from these by evaporating with dilute 
HCl (C. 1902, II. 1327). 

Apoalropine, Atropaminc, CiyHgiNO,, melting at 6o®-63®, results 
from the action of nitric acid upon atropine. It is made synthetically 
by evaporating tropine atropaj:e with dilute hydrochloric acid. It is 
decomposed by baryta-water into tropine and atropic acid (II. 425); 
it is the tropeinc of atropic or a-phenylacrylic acid. 
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Tropeines. — Just as tropine yields atropine with atropic acid, so it is 
capable of entering into combination with other acids producing ester- 
like derivatives, which have been called tropeines (Ladenburg, A. 217, 
82; 27, R. 202). Of these, phcnylglycollyltropeinc, or Homatropine, 
QW7N(CH.,).C.,Hi.O.CO.CH(OH).C,.H5, is noteworthy because its 
mydriatic action is not so prolonged. It is ol)taincd from tropine 
and mandelic acid. It is employed as a substitute for atropine, and 
is applied in the form of h37drobroinide. It melts at 95 ‘ 5°-98’5‘'. 

Only those tropeines possess mydriatic action in which the acid 
radical contains alcoholic hydroxyl (but compare C. 1909, II. 542). 

Laciyltropc'ine melts at 74° (B. 28, R. 492). 

Benzilo-iropane is the tropeine of benzilic acid (p. 367) (B. 27, 
R. 202). See also Eiiphthahninc, the mandelic acid ester of A"-methyl- 
vin^d diacetonc alkamine. 

CIB— CH CHa 

Tropine, , KCH3 choh, melting at 62"" and boiling at 233°, 
CHa— ClI — CH. 

is the basic decomposition product of atropine. According to Will- 
statter, it is an A'-methyl-y-oxypiporidine, the a- and ai-carbon atoms 
of which are joined by the group — CH.^ — CH^ — . It would thus contain 
also the pyrrolidine ring and a carbon seven-ring, and would have to be 
regarded as a derivative of suberane. Ecgoninc, the basic decoin posi- 
tion product of cocaine, is a tropine carboxyiic acid. These inter-relations 
explain the many similarities in the action of atropine and cocaine. 

The chief reason for the above formula for tro})ine was the observe 1 ion 
that tropinonc, the first oxidation product of tropine, yields a di- 
bcnzal- and a di-fsenitroso-com pound, etc., and must therefore contain 
the group — CHg.CO.CH.-- - (B. 31, 1537). 

The constitution of tropine and eegonine follows further from its 
decomposition reactions, mo.stly effected by Hofmann’s iodometh^date 
method. We are indebted mainlv to Ladenburg, Merling, Einhorn, 
and Willstatter for our knowledge of these. 

Decomposition of Tropine. — [a] Co^ivcrsion of tropine into tropic acid, 
and into a-cthylpyridine and picolinic acid. Potassium permanganate 
oxidizes tropine (i) to tropigcninc (2), whereas with chromic acid it first 
yields a ketone, tropinone (3), which upon reduction does not yield 
tropine again, but a V'-tropine, which is always obtained by the de- 
composition of an alkaloid associated with cocaine (B. 33, 1170). 

On further oxidation with CrOg, tropinone yields tropinic acid (4), 
or AT'-methylpyrrolidine -aa^-acetic-carboxylic acid. The tropinic acid 
ester iodo-methylate (5) is split up by alkali to methyl tropinic acid 
(6), the iodo-methylate of which, again treated with alkali, is changed 
into piperylene dicarboxylic acid (7). Reduction of the latter produces 
normal pimelic acid (8). 

(6) Glacial acetic acid and HCl deprive tropine of water and produce 
tropidine (9), which on oxidation with permanganate passes into di- 
h^^droxy-tropidine. The latter, on further oxidation, also yields tropinic 
acid (4) (B: 28, 2277). reducing tropidine with Zn and HCl, it 
becomes hydro- tropidine or tropane (10), which Is ajso obtainable from 
tropinone (3) (B. 33, 1173), and forms norhydro-tropidine (ii) on heating 
its hydrochloride in a stream of HCl. On distilling (ii) over zinc 
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dust wc obtain a-cthylpyridine (12), which on oxidation yields a- 
picolinic acid (B. 20, 1647) : 
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(r) The conversion of tropidine into tropilidene or cy c\o-hcptatriene 
(B. 31 , 1542). Tropidine (i) adds methyl iodide, and the iodo-methylate, 
treated with moist silver oxide, f^iv(^s methyl tropidinium hydroxide 
(2), wliicli, on boiliiij^ with water, turns into meth^dtropidinc or dimethyl 
amino-fvc/o-heptadienc (3). The latter, treated in the same manner 
as tropidine, yi(dds dimetliyl tropidinium hydroxide (4) and tropilidene 
or cyc/o-heptatricnc (5) : 

(I) CH2— CM CM (jjCIL,— CH CII (3)CIl2— CIT CH 

iNCHj CM — > I nON(CHd2tMI —> NfCHg)., CH 

CH2— CM CMa CHg -CM CH^ CIL—CH -CH 

r' ■■■■ 

(4)CH2— CM — CH (5) CM -CH~CM 
I HO.\(Ciy, CH— > I CH 

CHj— CU CH CH,— CH-^CII • 

Tn a similar manner, hydrotropidine has been split up to form cyclo- 
heptadiene; also, the tropilene obtained by the thorough methylation 
of tropidine is C7Hn,(),A'“-ryc/o-heptenone, wdiile the compound 
obtained by the disintegration of tropinone iodo-methylate, must be 
regarded as a dih37dro-benzaldchyde, since by oxidation it yields 
dihydro-benzoic acid (B. 44 , 464). 

Synthesis of Tropine. — Metlndtropidine or dim e th 3d amino -ryc/n- 
heptadiene (i) adds 2HCI and "forms hydro-chloro-meth3d-tropidine 
hydrochloride (2). This, with NallO, splits off HCl and gives tropi- 
dinium chloro-methylate (3), which on distillation splits up into tropi- 
dine (4) and methyl chloride. Tropidine, hy adding HBr and heating 
the resulting bromo-tropanc (5) with dilute mineral acid, is converted 
into tropine (6) (A. 326 , i): 

(1) CIIj— CH -CH ( 2 ) CHg—CH CH (3) CH^— CH CH 

NtCHg)™ CH — > ClNHfClIaia CH 

CHa— CH - -CH Clla— CHCl — -CHa GHj— CH CH 

I • ' ^ 

(4) CH,— CH Clt (5) CH,— CH CH, (6) CH,— CH— CH, 

NCH, CH — > I NCH, CHBr— > NCHjCHpH) 

CH,— CH CH, CH,— CH CH, CH,— CH— CH, 
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Similarly, methyl- tropane or dimcthylamino-cj/c/(?-heptcne is 
convertible into tropane. These syntheses have been completed by 
building up methyl-tropidine and methjd-tropane from the cyclo- 
heptatriene (tropilidene) and cvr/o-heptene, which are accessible 
through synthetic subcronc (B. 34 , 129; A. 317 , 307). 

CII,— CH CH.CO2CII3 

/-Cocaine, I NCiig CH.o.coCaHj, m.p. 98°, Isevo-rotatory, is 

CH5.— CH — CH^ 

contained in the leaves of Erythroxylon coca. It is an excellent local 
an<esthetic, and is employed in the form of an IICl salt. On heating 
with HCl it decomposes into eegonine, benzoic acid, and methyl- 
alcohol and, on boiling with water into bciizoylecgonine and methyl 
alcohol. Conversely, cocaine can be built up from eegonine, benzoyl 
eegonine, and eegonine methyl ester, by either benzoylating eegonine 
methyl ester or csteri tying benzoylecgonine with methyl alcohol. 
In this w'ay certain alkaloids — e.g., cinnamylcocaine, truxilUnet etc. 
— associated with cocaine (B. 27 , 783 n.) become valuable technically. 
In their decomposition they yield eegonine methyl ester and eegonine 
(B. 22 , 2960, R. 953). 

CoIL.CH— CII.COaH CeH^ .CH— CH .CO^H 

Truxillic Acids, I 1 and I | , poly- 

CoII, . CH— CH . CO2H COjjH . CH— CH . CcHs 

cinnamic acids, diciimamic acids, and also a//ocinnamic acid, were 
discovered by Liebcrmann in his study of the secondary alkaloids of 
cocaine. By distillation they yield ordinary c innamic acid. 1 he a~acid 
melts at 274° ; the p-acid at 206^. Acetic anhydride and sodium acetate 
convert the first into the anhydride (m.p. 191°) of y-intxillic acid^ 
melting at 228° (B. 22 , 126). When the p-acid is fused with caustic 
potash it changes to ^-truxillic acid, melting at 174^ • Potassium 
pcrrrfcinganate oxidizes the /?-acid to benzil (B. 22 , 2254) — ^ reaction 
which, together with the inability to take up bromine and the stability 
of / 5 -truxillic acid toward cold poia^sium permanganate, argues for the 
constitutional formula given above (B. 27 , 1410), 

^-Cocaine, melting at 43°-45°, occurs in small quantities in the 
mixed cocaine bases ^B. 23 , 926). It is obtained synthetically from 
rf-eegonine (B. 23 , 982). Sec B. 27 , 1874, 1880, for cocaines substituted 
in the benzoyl group. 

Tropa-cocaine, Benzoyl-ip-tr opine, C15H19NO2, melting at 49 , and 
found in smrdl amounts in the coca alkaloids, breaks down into benzoic 
acid and \^«tropine, melting at 108° and boiling at 241°. Ihe latter 
appears to be a stereoisomeride of tropine, because it can also be pre- 
pared by the reduction of tropinone, and when oxidized reverts to 
the latter. Indeed, tropine can be directly rearranged to ^-tropine 
by means of sodium amylate. Potassium permanganate oxidizes 

tropine to \^-tropigenine, which, like tropigenine, yields nortropinone 
upon oxidation (B. 29 , 936, 1636, 2231). ‘ . 

Mention may also be made here that crude cocaine contains small 
quantities of Hygrine, CgHigNO, boiling at 92°-94° (20 m^.). It is 

^COCH,CH, 


' CH, CHy 

a derivative of A/’-methylpyrrolidine, probably ^NCH, 




as 
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it forms an oxime, and when oxidized becomes hygric acid, or AT- 
methylpyrrolidinecarboxylic acid, which parts with carbon dioxide 
very readily (B. 28 , 578). 

Clla— CH -CHCOOH 

/-Eegonine, Tropimcarboxylk Acid, j NCH3 ch(OH) + H^o, 

CH^—cn — CII3 

melts at 205® when anhydrous. It is the basic decomposition product 
of /-cocaine. When dige^ed with caustic potash it changes to d-ecgo~ 
nine, melting at 254°. See 13 . 24 , 7; 26 , 962, for the esters, amides, 
and nitriles of the eegonines. 

For iodalkylates, sec J. pr. Ch. [2], 65 , 91. 

On oxidation with CrO^, /- and ^/-eegonine yield /-ecgoninic acid, 

iV-methylpyrrolidone-a-acetic acid, ch m.p. 117“, 

whose racemic form, melting at 94®, also results from tropinc with 
CrOjj, besides tropinic acid, and is obtained synthetically from 
/ 5 -bromadipic acid with methylamine ( 13 . 34 , 1818). For further 
disintegration products see below. 

CHa— CH -CH2 

a-Ecgonine,j NCH3 C(Oii)COOib melting at 305®, is a position 

Ula—CH CHa 

isomcridc of eegonine. It lias been prepared by adding hydrocyanic 
acid to tropinone, and then saponifying the cyanohydrin (B. 29 , 
2216). 

Anhydroeegonine, C9H13NO2 (sec below), melting at 234®, is produced 
on boiling eegonine hydrochloride with phosphorus oxychloride (B. 20 , 
1221). On reduction it is converted into hydroeegonidine, C9H15NO2, 
m.p. 200®. 

The connection or relation of eegonine to tropine follows as a 
consequence of the rearrangement of anhydroeegonine (observ(>d by 
Einhorn), upon heating with hydrochloric acid to 280®, into tropidine, 
carbon dioxide being eliminated (B. 23 , 1338). ^ 

•The transition into tropidine is also obtained by the conversion of 
hydroeegonidine amide, (C8Hi4N)CONH2, with K()Br into fso-tropyl- 
amine, (C8Hi^N)NHo, which, on treatment with HNO.,, yields tropidine 

(B. 31, 2655). 

Disintegration and Synthesis of Eegonine — Conversio 7 i of Eegonine 
into Tropinone and Snberone. — The position of the carboxyl group 
in the tropine ring of eegonine (i) is indicated by the oxidation to 
tropinone (2) with chromic acid. The accompanying elimination of 
CO2 lends probability to the interpretation of eegonine as a i 3 -hy- 
droxy-acid (B. 31 , 2655). 

On converting anhydroeegonine (3) into the ester and treating 
it with methyl iodide, wc obtain anhydroeegonine ester iodo- 
methylate (4), which is converted by moist silver oxide into anhydro- 
eegonine methyl betaine. On boiling with alkali, this splits up into 
dimethylamine and tropilidene carboxylic acid or ^-Q'c/oheptatriene 
carboxylic acid (5), melting at 32® (amide at 125®). The constitution 
of the latter has been prove^ by its reduction to subcrane carboxylic 
acid (6), and the conversion of the latter by way of bromo- or 



ORGANIC CHEMISTRY 


238 


hydroxy-suberanc carboxylic acid (7) into subcrone (8) (Willstatter, 
13. 31, 2498): 
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Like anhydropcgonine, the hydroecgonidinc has been split up to 
form hydro-tropilidene carboxylic acid, or ryc/o-heptadiene carboxylic 
acid (B. 30, 702; 31, 2501). 

The conversion of ecgonine(i) into tropinone (2), which makes another 
bridge between cocaine and atropine, is paralleled by a syifthesis of eego- 
nine from tropinone; tropinone, synthesized from tropine, is partly recon- 
verted into racemic ecgoninc by treating with Na and COg (l>. 34, 1457). 

Pelletierine, C^Hi^NO. iso-^ methyl-, and /)s^ ^/r^£?pellefierine (named 
after the chemist Pelletier), were discovered by Tanret in Punka gr ana- 
turn. ^S6’«t/oPelletierine alone has been closely studied by Ciamician and 
Silber. They recognized this base as a near relative of the tropine series. 

^56’Wi^oPelletierine, methyl granatonine (i), m.p. 48°, b.p. 246°, 
is a ring homologue of tropinone; like this, it forTus a 
dibenzal and a di-K?o-nitroso compound, and therefore contaiiL^ the 
group — CH.^.CO.CHg — (C. 1899, I. 1292). By reduction it yields 
the alkaminc v^-methylgranatoline (2), corresponding to y- tropine (elec- 
trolytic reduction simultaneously produces the stereo-isomei ic methyl 
granatoline). The v^-rnethylgranatolinc is oxidized by chromic acid to 
/>S6’«c/epelletierine, and further to methyl granatic acid (3), which corre- 
sponds to tropinic acid. Methyl granatic acid (3) has been disintegi ated 
by the iodo-methylate method to suberic acid (6) ; methyl granatic ticid 
ester iodo-methylate (4) is split up by alkali to dimethyl granatic acid, 
whose iodo-methylate, treated with alkali, gives homo-pi perylcnic acid 
(5), and this, on reduction with sodium am^dgam, gives suberic acid (6). 

On the other hand, methyl granatoline, reduced with HI and phos- 
phorus, yields methyl granataninc (7) and granataninc (8) (see also 
B. 38, 1896) ; the granataninc hydrochloride, by Zn dust distillation, 
yields a-propylpyridine (9) or conyrine: 


(^) 

H 

-CHa NCH 3 

-CHa 

CllOH ^ 

(0 

CHa— CH— 
CHa NCHa 

CO 

(.5) 

1 

► Cl la 

-CHa 

COaH 

CHa— CH 

-CHa 

CHa— CH 

-CHa 

CHa— CH 

-COaH 

( 6 ) 

CHa— CHa— 

CHa 

(5) 

CH - CH 

-CHa 

(4) 

CHa— CH 

-CHa 

CHa 

COaH 

CHa 

COaH 

4 — CHa HNhCHaja 

COaR 

CHa— CHa — 

COatl 

CH *- CH 

-COaH 

CHa -CH 

-COgR 

( 7 ) 

CHj— CH 

-CHa 

(«) 

CHa— CH 

-CHa 

( 9 ) 

CH C 

-CHa 

UcHj NCH 3 

CHa — > 

CHa NH 

CHa 

— > ' CK N 

CHa 

CHa— CH 

-CHa 

CHa— CH 

CH CH 

CHa 
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By elimination of water with glacial acetic acid and concentrated 
H2SO4, methylgranatoline gives methyl granatanine (i), which, by 
analogy with tropidinc and cyc/o-heptatrienc, has been split up into 
cyc/o-octatrienc (2) by exhaustive methylation : 


(i) Clla—Cli CH CH2 CII CH Clrf.,— CH CH 

CH2 NCH3 CH > CH2 H 0 N(CH 3)2 Ctl > CH2 N(CH3)2 CH 

CHa— CH CHa CHa C:i I Cl I. - CH - - - CH 


CII 2 

CH 

-CH 

(2) CH - CH- 

-CH 

CI1.2 

H0N(CH3)3 

CH - 

CH 2 

CH 

Clf2 

--CH 

CH 

CH 2 — CII = 

-CH 


Similarly, methylgranataninc yields A^*"'-nr/r)-octadienc ; under 
somewhat different conditions methylgranalanine yields ^ranatal, 
CgliioO, corresponding to tropilene, or A-^-ryc/e-octenone (B. 29 , 481; 
38 , 1975; 44 , 3423; C. 1899, II. 808, 828; 1900, I. 140). 


CIXCIIOXrXE GROUP. 

Cinchona Bases. — Cinchona harks (cortex chinie) ani derived chiefly 
from the various Cinchona species: Cinchona Calisaya, C, lancifolia, 
C. Pitayensis, etc.; also from the Kubiaccce. They contain, in addition 
to tannin and quinic acid (11. 474), a series of bases, the most importan 
of which are : 

Quinine, C 2 oH 24 ,N.> 02 . | Conquinine (quinidinc), CooHojXaOo. 

Cinchonine, Ciyll22N20. | Cinclionidine, CiyllooNoO. 

As companion substances to cinchonine we may also mention hydro- 
cinchonine or cincliotinc, CiglU^NoO (A. 300 , 42; M. 20, 425). 

Quinine, CH;i().(:yH3N.CjoHi5(OH)N -f 3HX>. melts, when anhy- 
drous, at 177°. It consists of silky needles when crystallized from 
alcohol and ether. Pelletier and Caventou discovered quinine in 1820. 
It is one of our most valued medicines, especially for intermittent fevers 
— e.g., malaria, etc. — and is an antidote for many infections produced 
by micro-organisms.* 

It is found up to 12 per cent, in the yellow Cali say a hark, has an 
alkaline reaction and a bitter taste, and forms primary and secondary 
salts, being a di-acid base. 

The neutral sulphate, (C._>qH.,,N.^ 02)H^S04 f SHjO, and the mono- 
hydrochloride, CgoHaiNgO.^.HCl +-2H2O, are einjiloycd in medicine. 
The former consists of long, shining needles, which fall to a white powder 
on exposure. It dissolves readily in dilute sulphuric acid, the solution 
exhibiting a beautiful blue fluorescence. 

When chlorine water and then ammonia arc added to the .solution 
of quinine salt, there is produced a green precipitate, dissolving in an 
excess of ammonium hydroxide witli an emerald-green colour. On 
adding an alcoholic iodine solution to the sulphate in acetic acid, a 

* “ GrundzugS dcr Arzneumttcllehre,” by C. Binz, 14th cd., 1912. 



240 


ORGANIC CHEMISTRY 


periodide, 4B.3SO4H2.2HI.I4 4 - 6H2O, called herapathite, is precipi- 
tated. This crystdlizes in emerald-green plates with golden lustre, 
and polarizes light like tourmaline. 

Cinchonine, C9HflN.C9Hio(OH)(CH3)N, is associated with quinine, 
and occurs principally in the grey cinchona bark {Cinchona Htianaco) 
(upward of 2*5 per cent.). It crystallizes from alcohol in white 
prisms, sublimes in needles in a current of hydrogen, and melts 
at 255°. Like quinine, it seems to dissipate fever, but to a less 
degree. 

Qumidine, m.p. 171®, and cinchonidine, in.p. 201°, are shown 
by their reactions to be stereo-isomerides of quinine and cin- 
chonine respectively. Accordingly, cinchonine can be converted into 
cinchonidine by heating with amyl alcoholic potash (B. 29 , 2185). 
On the stereo-chemistry of the cinchona alkaloids, see A. 373 , 85. 

Quinine and cinchonine arc unsaturated di-tertiary bases. They 
yield primary and secondary salts, and combine with i or 2 molecules 
alkyl iodide to form mono- and di-iodo-alkylates. The mono-iodo- 
alkylates are known in two isomeric forms, one of which is colourless, 
while the other has a dark yellow colour. The former result from the 
combination of the free bases with i molecule alkyl iodide, the latter 
from heating the mono-iodo-hydrates with alkyl iodide and subse- 
quent treatment with ammonia (B. 26 , 1968). 

In accordance with their unsaturated nature, quinine and cincho- 
nine combine with i molecule halogen hydride and 2 atoms ot bro- 
mine. With alkali, the dibromidcs yield mono-bro 7 no-quininc and 
-cinchonine, and further deliydro-quinmc and -anchonmc, C,on^.jN202 
and CjgHooNgO respectively (B. 19 , 2856; J. pr. (!h. [2], 69 , 193). On 
the attachment of sulphurous acid to quinine and quinidine, sec B. 35 , 
2980. Reduction with hydrogen and colloidal palladium converts 
quinine, quinidine, cinchonine, and cinchonidine into the more hydro- 
genated bases — hydroquinine, hydroquinidine, hydrocinchonine (cin- 
chotine), and hydrocincJionidme (cinchamidine). Those contain two 
additional H-atoms, and have been found accompanying quinine and 
cinchonine in cinchona bark (B. 44 , 2866; C. 1911, 1 . 1567). 

Strong mineral acids convert the cinchona alkaloids into various 
isomeric bases: isoquinine, isoquinidine, isocinchonine, and isocincho- 
nidine. Special interest attaches to the action of hydro-halogen acids 
upon cinchonine at ordinary temperatures. This leads to the simul- 
taneous formation of hydro-halogen cinchonine and a-zsocinchonine. 
The speeds of free HCl, HBr, and HI are in the ratio i : 400 : 20,000 
(M. 20 , 571, 585; 22 , 171, 253; C. 1911, 11 . 1814). 

On the basis of the researches of Koenigs, v. Miller, Rabe, Rhode, 
Skraup, and others, the following constitutional formulae for quinine 
and cinchonine may be regarded as firmly established: 


CHi:CH CK— CH-CH 2 OCH3 

CHa 
CHa 

CH2-N“CH.CH(0H) 

Quinine. 



CH2:CH.CH— CH-CH, 

CH, 

cir* 

CU.CH(OH).<; 

Cinchonine. 
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Quinine must therefore be regarded as methoxy-cinchonine. On 
heating with HCl to 150® the methyl group of the quinine is split off, 
with fonnation of apoquinine, but there is a simultaneous trans- 
position of the molecule. De-methylated quinine (hydroxycinchonine), 
^19^33^202, has been found in China cnprea, a bark derived from 
Remija pedunculata. It is termed cupreine, and can be methylated 
into quinine. 

Oxidative Decomposition of the Cinchona Bases, — Careful oxidation 
of cinchonine (i) with chromic acid yields the ketone corresponding to 
a secondary alcohol, and called cinchoninone (2) which, on reduction, 
reverts to cinchonine. Similarly, quinine jdelds quininone. The ketones 
derived from cinchonidine and qiiinidine are identical with cinchoninone 
and quininone. Strong oxidation with chromic acid splits up the 
molecule of cinchonine and quinine with formation of cinchoninic acid 
(quinoline- y-carboxylic acid) (4) or quinic acid (mcthoxyquinolinc- 
-y-carbdxylic acid) and mcro-quinene (3) a portion). The 

latter, on further oxidation with KMnO.|, passes into cincholoiponic 
acid {XoLTTos, remaining), or piperidine- /5-carboxylic-y-acetic acid (5), 
and further. into loiponic acid (6) or hexahydro-cinchomcronic acid. 

Dilute permanganate solution oxidizes cinchonine with evolution of 
formic acid and forms cincliotcnine (7), while quinine forms quinoteninc : 


CKaK:H.CH— CH-CHg 
CHa 
CHg 

:H2-N — CH.CHCOHj.CaHeN 


r (0 


CH2:CH.CH--CH--CH2 

^ « I a:| 

CKjr-N— QI-CO.CoHftN 


( 3 ) 


( 7 ) 


<4) 


CH2:CH.CH— CH-CHa 
CH2 
i CH2 

:Ha-NH COaH + COiH.CtH^N 

^gH.CH— CH-CH* 

ClU I 

CH, I 

iHa-N — CH.CH(0H).C2ircN 


CO,K.CH~CH-CH^ 

( 5 ) 

CH2 

r-NH CO2H 
COaH.CH— CH-CO.M 

CHa 
CHa 

CHj-NH 


(6) 


Synthesis of Cincholoiponic Acid. — This proceeds from A^’-piperi- 
dcine-/5-aldehyde (i) resulting from the hydrolysis of imino-dipro- 
pion acetal. The oxime of (r) is converted by means of SOCI, into 
A^-piperideine- /5-nitrile (2). The ester nitrile (3), obtained from (2) 
by the attachment of sodium-malonic ester, yields, on saponification 
with baryta water, racemic cincholoiponic acid (4) in two stereo- 
isomeric forms, the higher-melting of which yields on splitting up 
by means of brucine a t^-cincholoiponic acid identical with the disin- 
tegfation product of the cinchona bases (Wohl, B. 40, 4698; 42, 627): 


(I) CHj,— CH (2) CHj—CH (3) CITa~CII .CIT(C0,R)2 (4) CHa— CH .CHaCOaH 

CHj C.CHO->C#Ia"C.CN->tH, CIICN ►CH* CH.COjH 

NH— CH, NH— CH, NH—CH, 

VOL. III. 
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The iodo-mcthylate of cincholoiponic acid is converted by alkali 
into dimethyl - amino - cyc/opentanecarboxylicacetic acid (C. 1901, 
I. 223) ; 

l(Cn3),N— CII„— CIICOjR CIIj— CH .COjH 

I ■ I >(CIl3)3N-CII<( 1 

Clla.Cllj.ClICHjCO.U Xlla— CH .CHaCOjll 

The above-mentioned cinchoninonc, the first oxidation product of 
cinchonin, m.p. 127°, belongs to the tautomeric compounds. On the 
one hand, it yields, as a ketone, an oxime; on the other, it gives with 
acetyl- and benzoyl-chloride an acetyl- and benzoyl-compound 
derivable from the enol form. The action of amyl nitrite and sodium 
ethylate splits up cinchoninone, with formation of cinchoninic acid, 
and an fso-nitroso-compound which, as an interior amidoxime, yields, 
on saponification, hydroxylaminc and mero-quinene (B. 41 , 62; A. 366 , 

353): 


CH -CHj CII- 

CH— CH— CII2 CH 

CHj 1 

. 

CII2 '■ j 

CHa— N CH CHa- 

CO.CqHflN 


C 1 T 2 

CIT 

CH, 

ClI— CIT., 

CH 

CH— CITg 

CH 2 

1 

CH, 

CtT^ 

" 1 

CH., 

-N ~C:NOrr 

CH.,- 

-Nil CO.,H 


+ CO HCJl.N 


DisUitegraiion of the Cinchona Bases — Qtiinatoxines. — The disin- 
tegration of the dicyclic “ second half” of the cim hona ba'^cs, already 
noticed in their oxidation, occurs with remarkahle facility in other 
reactions. 

When cinchonine (i) and quinine arc boiled with acetic acid, the 
union of that carbon atom to wliirh hydroxyl is attached is severed 
from the nitrogen atom, which then becomes an imino-group, while 
the C(OH)-group becomes a keto-group. C'inchoninc yields tlie iso- 
meric cinchotoxine (2), melting at 59°, which, like the correspond- 
ing quinoioxine, is very poisonous, but docs not have any antipyretic 
properties. 

The toxines ” resulting from cinchonidine and quinidinc arc iden- 
tical with those resulting from cinchonine and quinine. A similar dis- 
integration is experienced by cinchonine iodo-methylate (3) on boiling 
with alkali or dilute acetic acid, HI being evolved, anclN-methylcincho- 
toxine (4) formed, which can also be obtained by methylating cincho- 
toxine. The latter, with HNO.^, yields a mono-iionitroso-compound. 
Remarkable results have been obtained by a Beckmann transposition 
of this Z 50 -nitroso-ciiichotoxine (5) and of the A^-methylcinchotoxine 
oxime (6). 

/so-nitrosocinchotoxine splits up into cinchoninic acid (7) and the 
nitrile of mero-quinene (8). In (6) the transposition is in two directions, 
cinchoninic acid (9) and iV-methyl-/l-vinyl-y-amino-ethylpipcridine(io) 
being formed on the one hand, and ;f-amino-quinoline (ii) and iV- 
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methyl-homo-mero-quinene (12) on the other 
A. 382, 365 ): 


(I) 

CH-^CH* 
CH— CH-CHj 
CH, 

CHj, 

CH,~N— CH 


( 2 ) 

CH=CH* 
CH— CH-CH, 

CHj I 

CHs I 

CI1,-NH CHj 


CH(0H)C!,H„N 

(3) 

C}!~CHg 
CH— CH-CHj 
CH* ■ 

CH* 

CH*-N— CH 

CH(OII).C»H,N 

(10) 

CH:=r=CH2 
CH— CH-CH* 

CH* 

CH, 

CH,- N CH,.NH* ( 9 ) 


CO.C^H^N^ 
( 4 ) 

CH^-CH* 

CH— CH-CH* 

CH, I 
CH, I 
■:h,-n CH* 

CH, CO.CoHjN 

i 

( 6 ) 

CH=.-CH, 

CH— CH-CH a 

CHa 

CHa 

CHa-N CHa 
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$. 40 , 648, 2873; 


CHa + COaHCyHeN CH 3 C(:NOM).C„HaN 


(5) 

CHc^CHa 
CII-CH-CHa 
CHa 
CHa 

CHa-NlI C=NOH 

CO.CaHaN 

I 

t 

(S) 

CHr=CH2 
CH--CH-Clla 
CHa 
CHa 

CHa NH CN+ (7) 

COaH.CaHflN 


(J2) 

CH -CH-CH 
CHa 
CHa 

CHo-N CHa 


CHaCOaH (n) 

+ NH2.CaHaN 


Cinchotoxinc has been used for a partial syntlicsis of cinchgnine. 
Under the influence of hypo-bromoiis acid it yields a brominiine from 
which sodium ethylate withdraws a molecule of HBr, forming cincho- 
quinone, which may, as already stated, be reduced to cinchonine (H. 44, 
2088). We may also mention the synthesis of quinuclidinc, already 
dealt with, which corresponds to that of the second lialf of the cin- 
chona bases. 

Decojn position of Cinchonine and Qiiinidine Chloride (J. pr. Ch. [2], 
61, i). — On treating cinchonine and quinine with PCI3, cinchonine 
chloride (i) and quinine chloride arc produced. These, when boiled with 
alcoholic potash, split off i molecule HCl and form cinchene (2) and 
quinene. Cinchonidine and quinidine, under the same treatment, also 
pass into cinchene and qiiincnc respectively. The chlorides of the 
four alkaloids — viz., cinchonine, cinchonidine, quinine, and quinidine 
chloride — replace, on reduction, the chlorine atoms by hydrogen atoms, 
and give four desoxy compounds: Desoxy-cinchoninc, dcsoxy-cinchmi- 
dine, desoxy-quinine, and desoxy -quinidine. 

Cinchene and quinene are split up, with absorption of water, 
in two entirely different ways according to the experimental 
conditions. 

On heating witti 20 per ce^t. aqueous solution of phosphoric acid, 
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cinchene and quinene split up into lepidine (4) or methoxy-lepidine 
and mero-quinene (3) : 


(0 

(2) 

(3) 


CH^CH, 

CH CH, 

CH -CHj 


CH — CH— CH, 

CH— CH— CH, 

CH — CH- 

-CH, 

CH, 

CH, ^ 

CH, 


CH, 

CH, 

CH, 


CH,— N— CH 

CII,— N C 

CHj— NH 

CO,H-l- (4) 

CHCl.Ci,H,N 

CH.CJiflN 


CH,.C„H,N 


On prolonged boiling with HBr, cinchene and quinene split off 
ammonia and some methyl bromide, and take up water, forming apo- 
cinchene and apo-quinene, Ci^H^oNo (Cinchene) + H2O =Ci9Hi9NO (Apo- 
cinchenc) + NH3. Decomposition and partial synthesis have proved 
apo-cinchene to be y [2 -hydroxy-3, 4-diethylphenyl]-quinoline. Apo- 
quinene, accordingly, is y[2- hydroxy -3,4- diethylphenyl]- hydroxy- 
quinoline. 

An idea of the formation of apo-cinchene (3) by the hydrolysis of 
cinchene (i) may be gained from the following scheme, with the help 
of the cinchonine formula above : 

(i)CH CH, (OCH CH, (3) Cir^ -CH3 

/CH-CHay +H2O CHO XV CXOUK 

Cn<^CH— CH, CH.-CH, ^CCj,H(iN. 

^CHa-CH-CHCoHuNj CH CH' 

The transposition of the hypothetical intermediate product (2) 
into the phenylquinoline derivative finds an analogy in the transition 
of the olefinic terpenes into cyclic compounds, as in the conversion of 
citronellal into wopulegol, etc. 

S^ychnos Bases . — In the fruit of the different strychnos, principally 
in that of Strychnos mix vomica and in St. Ignatius' bean (Strychnos 
Ignatii), are found two very poisonous bases, strychnme and brucine. 
Their constitution is imperfectly determined. They were discovered 
(1818 and 1819) by Pelletier and Caventou. 

Strychnine, C21H22N2O2, melting at 284° and boiling at 270® (5 mm.) 
(B. 19 , R. 30), is lievorotatory, reacts alkaline, has an extremely bitter 
taste, and occasions tetanus. 

Strychnine is an unsaturated mono-acid, tertiary amine base, 
capable of adding on alkyl halides (A. 304 , 49). The second N-atom 
is in lactam connection with one CO-group. This follows from the 
transformation of strychnine (i) by heating with sodium alcoholate 
solution into strychnic acid (2), C21H24N2O3, which, on boiling with 
acids, regenerates strychnine. 

On treating strychnine iodo-methylate (3) with moist silver oxide, 
methylstrychnine (4) is formed, which turns out to be strychnic acid 
methyl betaine, since it also results from the silver salt of strychnic acid 
iodo-methylate. There is therefore a change of linkage of the carboxyl 
group from one N-atom to the other, from the lactam linkage to the 
betaine linkage: , 

b) ^ (2) (3) >N(ch3)J (4) ^n(CH3). ^ 

(C2oH2aO)^CO (CaoHiaOlyCOOH; (C2on220)^CO (CaoH25iO)^CO ‘ 
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On heating with water to i6o®-i8o®, strychnine passes into an 
isomeric base, tsostrychnine, m.p. 214°, which, like strychnine, is split 
up on heating with sodium alcoholate solution into an acid iso-strychnic 
acid (B. 88, 2787). 

Reduction of strychnine with hydrogen and colloidal palladium 
gives, as a first reduction product, dihydrostrychnine, C2iH24N202 
(B. 44 , 2863). With HI and phosphorus we obtain desoxystryjchnine. 


which is still a lactam, and yields by electrolysis tetra- 

'N 

hydrosiiychnine, (Cjji,, *>Vnh°' \ and strychnidine, (CjoHjjNO)^^ ’, 


which involves a reduction of the lactam group. A further 
reduction eliminates the second 0-atom, whose function is not yet 
clear. The results aiQ dihydro-strychnoline, CaiHogNj, and strychnoline, 


^ 21 ^ 26 ^ 2 - . . . , 

Transformation products of strychnine which no longer contain the 

lactam ring recall in their behaviour the tetrahydroquinolines. By 
the action of nitric acid, several nitro-derivatives have been obtained 
from strychnine; also picric acid and an acid which is regarded as 
diniirodihydroxyquinoline (A. 301 , 285). On oxidation with KMn04 
in acetone solution strychnine forms strychninonic acid, CaiHjoOgNa, a 
dibasic ketonic acid, converted by sodium amalgam into the correspond- 
ing hydroxy-acid, strychninolic acid, CjiHajOgNa. The latter, under 
the influence of dilute alkali, even in the cold, splits up into glycolic 
acid, and the neutral strychninolone, C19H18O3N2 (B. 43 , 2417). Heated 
with H2O2, strychnine forms strychnine oxide, C21H22N2O3, and strych- 
nine peroxide, C2iH2,N.204, which regenerate strychnine with evolution 
of oxygen (B. 38 , 2782 ; C. 1910, II. 887). By the action of MnOj and 
sulphurous acid, strychnine forms three isomeric strychnine mono- 
sulphonic acids, C2iH2i0.2N2{S03H), which can be separated b]^ their 
different solubilities in water (B. 42 , 2681). 

Brucine, C2iH2o(OCH3)2N202 + 4H20, m.p. 178° (anhydrous), laivo- 
rotatory, acts similarly to strychnine, but more feebly. In its chemical 
reactions it behaves very like strychnine. It contains two methoxyl 
groups, and is probably dimethyoxy-strychnine. Sodium alcoholate 
converts it into brucic add, C2oH2i(OCH3)N20(COOH), which regener- 
ates brucin on merely boiling with water. 

Hydrogen and colloidal palladium convert it into dihydro-brucine, 
C„H« 0 ,N„ and electrolytic reduction into tetrahydro-bmcme, 

[c.„h.3(och,).OxN]<^“'''“. and bruddine, [C2„H2„(0CH,),0N]<;r (A. 


804 , 24). , . . . . . , 

Potassium permanganate oxidizes brucine to bruemome acid, 
CajH-iiOgNj, which, in the manner of strydininonic acid, may be 
converted into brucinolic acid, C2-3H2gOgN2, and bmcinolona, 
CgiHggOgNg (B. 42 , 3703). Treated with HgOg, brucin ^ves 
brucine oxide, CggHggNgOg, and brucine peroxide, CggHjgNgO,. 
With MnOg and sulphurous acid, four isomeric brucine mono-sulphonic 
acids. C23H25N2Q,(S03H), are foimed (B. 44 , 3049 )- In concentrated 
nitric acid, brucine dissolves with a red colour, which, on heating, turns > 
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yellow, and on addition of stannous chloride into violet. In this case 
brucin is first demcthylated and oxidized, forming a red quinone, 
C21H20O4N2, which, on further action of nitric acid, adds a nitro- 
group, and yields the yellow so-called cacotheline, C21H21G7N3. Reduc- 
/tion of quinone with sulphurous acid gives demcthylated brucine, 
C2iH2o(On)2N202 (B. 44 , 2136, 3040). Brucinolone and the brucine 
sulphonic acids behave in the same manner towards nitric acid. On 
the constitutional formuh'e of strychnine and brucine, see C. 1910, 
1. 1361. 

The veratrum alkaloids occur, together with veratric acid, in the 
white hellebore (from F. album) and in the sabadilla seeds (from F. 
sabadilla). Crystalline Veratrine (B. 26 , R. 284), or cevadine, C32H49NO9, 
melts at 202'" and crystallizes from alcohol with i molecule crystal 
alcohol. It dissolves in concentrated sulphuric acid with a yellow 
colour, which gradually changes to blood-red. 

Alcoholic potash splits it into cevine, C27H43NO8, and tiglic acid, 
CgHgOg (see Vol. I.) (B. 32 , 800; C. 1902, I. 1155). Cevadine contains 
a free Oil-group: C27H4iNO(.(OH)(O.COC4H7), and cevine contains two 
OH-groups, C 27 H^ 4 NO(.( 011 ) 2 . The N-atoin is probiibly linked in a 
tertiary manner (B. 37 , 194b). 


THU MOKPIllNE AND ISOQUI NOLINE OROlU' OE THE VEGETABl.E 

Al.KALOIDS 

Opium Bases, — In opium, the dried juice of the green seed capsules 
of poppy {Papaver somnijcriini), we find not only moeonic acid and 
meconine, but a series of bases, of which may be mentioned: 

Morphine, C17HJ9NO3 (12 %). Papaverine, C20H21NO4 (o-8 %). 

Codeine, Ci^HoiNOy (0*3 %). ' Narcotine, C22H.23NO7 (5 %). 

Thebame, C10H21NO3 (0-4 %). Narceine, C23H27NOg (0*2 %). 

Laudanosine, C2i^27^^^-i (o*ooo8 %). 

While the constitution of papaverine, narcotine, narceine, and lau- 
danosine is settled and confirmed by synthesis, the nature of the prim 
cipal basis of opium, morphine, with its related substances, codeine and 
thebaine, is not yet known with certainty. They probably contain no 
iSoquinoline ring, but are treated, however, with the other opium 
bases. Morphine is the most important of them from a medical point 
of view. 

Morphine, Ci7Hi7NO(OH)2 -f HgO, crystallizes from alcohol in small 
prisms, tastes bitter, and in small quantities produces sleep. It shows 
an alkaline reaction, and represents a tertiary monacid base. Its 
official hydrochloride, Ci7Hi9N03HCl-h3H20, forms delicate silky 
needles. It is used to relieve pain and to produce sleep. Morphine is 
the first alkaloid isolated from vegetable substances (Sertiirner, 1806). 
Its composition was determined by Laurent in 1848. 

The solutions of morphine and its sal^s arc coloured dark blue by 
^ferric chloride; the solution in concentrated sulphu/ic acid acquires 
a blood-rcd coloration on the addition of a little nitric acid. It is 
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readily oxidized, two molecules uniting, with the exit of two hydrogen 
atoms, to ^sdw^^amorphine, (Ci7Hi8N03)j, (A. 294 , 206). 

In the reduction of morphine with hydrogen and colloidal palla- 
dium, dihydro-morphinc, C17II21O3N, is produced with addition of 2H 
(B. 44 , 2865). Morphine contains two hydroxyl groups and behaves 
like a phenol alcohol, yielding salts with but one metallic atom, but* 
diacidyl derivatives. Diacetylmorphinc is officially known as heroine. 
On distillation with zinc dust, morphine yields phenanthrene with a 
mixture of two bases (B. 34 , 1162). 

By treatment with phos])horus haloids, or by the action of anhy- 
drous liquid halogen liydrides, the alcoholic hydroxyl in morphine 
is replaced by halogen, with formation of chloro-niorphide, C17II17CI- 
( 0 H) 0 , and bromo-morplhde, from which hydrolysis produces three 
bases isomeric with morphine — viz., a-, and y-wc?-morphine (see 
codeine) (B. 41 , 975). 

By heating with concentrated IICl to I40''’-I50°, or by the action 
of other dehydrating agents, like sulphuric, phosphoric, and oxalic 
acids, morphine is deprived of i molecule II >0 and converted into 
Apo-morphine, ('17H17NO0 (1). This is quite diifcrent from morphine 
in its physiological properties. It is no longer a narcotic, but a strong 
emetic. Its bromo-methylatc is used medicinally under the name 
euporphinc. In contrast with morphine, apomorphine contains two 
phenol hydroxyls. Its dimethyl ether can be disintegrated by the 
splitting of its iodo-mcthylate by Hofmann’s method, forming dimethyl 
apo-morphimcthinc (2) and ^,j^-dimctlioxy-' 6 -vinylphenanthrene, and 
the latter by oxidation to 

acid (3) (B. 40 , 1984). vSiiice the attachment of the nitrogen atom 
is known from the connection between morphine and codeine (see 
oxycodemc), the constitution of apo-morphine may be regarded as 
determined: . 




From a comparison with the similar transformation of thebaine 
into rnorphothebainc and thebenine (see below'), it follows that the 
transition of morphine to apo-morphine is attended by an extensive 
transposition, so that no conclusion respecting the structure of mor- 
phine can be based upon the constitution of apo-morphine. 

Codeine, Ci7Hi7NO(OCH;3)OH, m.p. 150’", is contained in opium, 
and can be obtained from morphine by methylating with KHO and 
methyl iodide or dimethyl sulphate, or by means of diazo-methane, 
and must therefore be regarded as methyl-morphine (B. 14 , 1413; 

C. 1899, 11 . 408). Its iodo-methylate (i), on heating with alkali, 
furnishes the so-called a-methylmorphimethine (2), m.p. 118°. This, 
on heating with acetic anhydride, splits up into the acetyl esters oC^ 
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hydroxyethyldimcthylamine (4) and of methylmorphol or 4-oxy- 
S-meihoxyphenanthrene (3) (B. 87 , 3494) : 

(i)CH,o.c.H,-CH, (2)CH,o.c.H.-cn (j) %>g[^j)c.n,-CH 

o<(l j — > o(j I' — > I II 

HO.C.H^-CHv HO.C.Hs— CH C.H,— CH 

• CH,— CHj/ \CHa CH,— CHj.N(CH,)j hqCHj - CHjN{CHj)j 

The constitution of the morphol or 3,4-dihydroxyphenanthrene is 
proved by its oxidation to morpholquinone {dihydroxyphenanthrene- 
quinone), and further to phthalic acid, as well as the synthesis of 
dimethylinorphol (3,4-dimethoxy-phenanthrene) from 2,3,4-amino- 
dimethoxy-a-phcnyl cinnamic acid (B. 33 , 1810, 1824). 

On the other hand, the splitting up of the iodo-mcthylate of methyl 
morphimethine by alcoholic alkali produces tri-methylamine and 
C H . C H V 

Morphenol, A[t a ^ phcnanlhrenc derivative resembling 

diphenylene oxide (B. 33 , 352; 34 , 2722). 

Careful oxidation with chromic acid converts codoine into oxyco- 
deine, Ci7ni<jNO(OCH3)(OH)2 (i). This contains two alcoholic hydroxyl 
groups and, like codeine, produces oxy-methyl morphimethine, (2) by 
disintegration of its iodo-mcthylate. The body thus produced has 
ketonic properties. On heating with acetic anhydride it splits up 
into acetoxyethyl-dimcthylamine and methoxydiacetoxyphenanthrene 
(3), which, on oxidation, passes into methyl-acetyl-morpholquinone Cl) : 

ClljOCgllj, Cllj CIIaOCjHj.CHj CinWO j ^*^h*^^* CH-Cdo 

(r) 0 <| I — > (2) 0 <| I (J*) I [' * (4) ; I 

HOCoH5 ,C(OH)' ^ HOCJIj.CO CoH^.COCOCH, C4H4.CO 

^ cn^ * Cilg— CIIg.NCCHa)* 

Hence it follows (i) that the newly-acquired hydroxyl is attached 
to one of the linking carbon atoms of the phenanthrene nucleus (9 or 
10) ; (2) from the alcoholic function of this hydroxyl group, that the 
phenanthrene bridge in the morphine alkaloids is hydrogenated; 
(3) from the transformation of a hydroxyl group into a carbonyl 
group on the passage of oxycodeine into oxymethyl-morptiimethine, 
that in the morphine alkaloids the nitrogen of the side ring is linked to 
the hydrogenated bridge of the phenanthrene nucleus (B. 40 , 1980, 2042). 

By permanganate in acetone solution, or by hot chromic acid 
mixture, codeine is oxidized to codeinone, CjgHioNOg, the oxime-form- 
ing ketone group of which is formed from the alcoholic OH-group of 
morphine (sec above). In contrast with codeine, and by analogy with 
thebahie, codeinone is directly split by boiling with acetic anhydride 
into hydroxyethylmethylamine and 3-methoxy-4,6-dioxy-phenanthrene. 

Phosphorus haloids, by replacing the alcoholic hydroxyl by halogen, 
convert codeine into chloro-codide, Ci7Hi7Cl(0CH3)0, and bromo-codide, 
as in the case of morphine. Hydrolysis does not regenerate codeine 
from these, but produces, according to the conditions, three isomers 
of codeine, called i'socodeinc, pseudo-codeine, and aUo-pseudo-codeine 
respectively. Of these, isocodeine is stereo-isomeric with codeine, since 
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oxidation with CrOg produces, the same codeinone (see above). . Simi- 
larly, />s^w^^o-code^ne and allO'pseiido-co^^iiiQ. are structurally identical, 
but yield on oxidation a pseudo-coAGinont isomeric with codeinone, 
whose iodo-methylate, on boiling with alcohol, is disintegrated to form 
3-methoxy-4,8-dioxy-phenanthrene. The conversion of codeine into 
psetido-cod^ino, and allo-pseudo-cod&ino, is therefore accompanied by 
a displacement of the alcohol hydroxjd from position 6 to position 8. 
Since the replacement of the OH-group by H results in the production 
of the same desoxy-codeine, C2gH2iN02, from all isomeric forms ,of 
codeine, thus indicating an identical C,N-skeleton, the position 8 cannot 
be contemplated for the attachment of the nitrogen ring to the phen- 
anthrene nucleus in the morphine alkaloids. Position 7 is also excluded 
by the presence of a CH2 group in codeinone and />s^w^/o-codcinone, 
capable of reaction, and adjoining the carbonyl. These facts, in con- 
junction with the transformations of thebenine described below, have 
led to the establishment of the ‘‘ bridge formula'’ for morphine (Knorr, 
B. 40 , 3341) : 



Fusion of codeine, or, better, of psciido-cod^inc, with oxalic acid 
produces ^ 56 ’Wo-apo-codeine, the 3-methyl ethyl of apo- 

morphine (B, 41 , 3050). 

Thebaine, Ci7Hi5NO(OCH3)2, silvery plates, m.p. 193®, is closely 
related to codeinone, into which it passes on saponification with dilute 
mineral acids, with elimination of a methyl group. Thebaine thus 
turns out to be the methyl ether of the enol form of codeinone. 

The connection between the three morphine alkaloids — morphine, 
codeine, and thebaine — can be represented by the following scheme 
(B. 39 , 1409) : ‘ 

r— on r— ocH, r~ocH, r—ocn, 

CuHuNoj -C<g„ q,n»No| -C<Hjj£^C„H„NO j -CO c„H„No| -rocHj 
1--CH, I— cn* l-cH, l-cn 

Morphine. Codclue. Codeinone. Thebaine. 

Boiling with acetic anhydride splits up thebaine into the acetyl 
esters of hydroxyethylmethylamine and of 3,6-dimethoxy-4-oxyphe- 
nanthrene, or thebaol. The latter has been synthesized from 2-amino- 
3,4-dimetho.xy-a-(/>-methoxy-phenyl-)-cinnamic acid (see phenanthrene 
syntheses) (B. 85 , 4400). 

By heating with HCl thebaine is transformed in two different ways, 
according to the concentration of the acid. When heated for a short 
time with dilute acid, *a secondary base is produced, called thebenine, 
Ci7Hi 4N(OH)2(OCH3), while concentrated HCl produces a tertiary 
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base, morpho-ihehame, C]7Hi4N(OH)2(OCH3). In both cases, codc'inone 
is primarily formed, which in the same reaction conditions also passes 
into thebenine and morpho-thebainc respectively. Morpho-thebaine is 
an analogue of apo-morphine. Its dimethyl ether can be disintegrated 
by Hofmann’s method to %^,^-tnmeihoxy-?>-vinyl-phenanthYene, and 
this, by oxidation, to '^,^fi-trimethoxy-phenanthrene-S-carhoxylic-acid 
(A. 3173 , 52; 382 , 50). On the other hand, the di-methyl ether of 
thebenin yields by a similar process 'i.^fi-trmclhoxy-phenanthrenc- 
^-carboxylic acid. 

The nitrogenated side choin therefore probably attaches to the 
C-atoiii (5) of the phcnanthreiie nucleus in thebenine, and probably 
also in the three morphine alkaloids— morpliinc, codeine, and thebaine. 

This agrees with the fact (hat Thebenol, (C11,0)(H0)C,4H,| 

obtained from thebenine by treatment with methyl iodide and subse- 
quent decomposition with KHO, yields pyrene by zinc-dust distillation 
(B. 43 , 2128). Thebenine also yields pyrene on zinc-dust distillation, 
as well as the base thebenidine, which resembles plienanthridine 

(B. 34 , 767). In the formation of thebenine the displacement of the 
OH-group from position 6 to position 8 is to be noted, as in the transi- 
tion from codeine to pseudo-codeine. This is confirmed by the forma- 
tion of triacctylthcbenine on heating pseud o-codcinone with acitic 
anhydride (A. 373 , 5O). The following table gives the chief trans- 
formations of thebain: 




I 



Papaverine (i), tetramethoxy-benzylisoquinoline, C2oH2iN04, m.p. 
148®. Its constitution results from its disintegj'ations. HI splits off 
4CH3I, producing papaveroline (2). KMn04 conv( 5 rts papaverine into 
papaveraldiiie (3) or tetramethoxy-benzoyh'50-quinoline, which is also 
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found in opium (C. 1911, I. 987). Fusion with KOH splits up papa- 
verine into diinethoxyisoq^uinoline (4) and veralric acid (5). The oxida- 
tion of papaveraldine produces papaveric acid, a-dimethoxy-benzoyl- 
pyridinc-/:^y-dicarboxylic acid (6), dimethoxy-isoquinoline-carboxylic 
acid (7), fii^y-pyridinc-tncarboxylic acid (8), and meta-hemipinic 
acid (9) (G. Goldschmidt, B. 21, R. 650). In the following scheme 
the H-atoms attached to the rings are omitted for the sake of 
clearness: 




( 4 ) 

CH.O./Y'i, 


CO,H 



Synthesis of Papaverine (A. Pictet, B. 42 , 2943). — The ^w-nitroso- 
compound produced from aceto-veralronc witli amyl nitrite and sodium 
ethylate is reduced by means of stannous chloride and HCl to w-amino- 
aceto-veratrone (i). 'J'his condenses with homo-veratric acid chlo^iide 
(2) in the presence of alkali to form homo-veratroyl-oi-amino-Aceto- 
veratrone (3), which is reduced by sodium amalgam to homo-veratroyU 
hydroxyhomoveratrylaminc (4). The latter, treated with PgOj in boiling 
xylene solution (compare ^’sequinoliiie syntheses), splits off 2H0O and 
forms papaverine (5) : 



Of other transformations of papaverine we may mention those of 
the papaverine halogon alkylates. On treatment with dilute alkalies 
they yield, with •saponificatfon of one methoxyl group of the 
fsa-quinoline nucleus, phenolbetaines, from which the papaverine 
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iodalkylates are regenerated by heating with methyl iodide (A. 858, 
288): 

CH,C,n,(OCII,) CH,C,H,(OCH,), • 


CHgOj ® *\C1I-CH 


CH 30 ^ 

OJ 

u 


C.H 


/C — N^H 
*\CH=-CI 


By the action of concentrated alkali the halogen alkylates of papa- 
verine split olf halogen hydrides, and arc converted into iV-alkyWso- 
papavcrincs, which, witli acids, regenerate the quaternary salts, and 
are split up by oxidation into A^-alkyh‘soquinolones and vanillin methyl- 
ether (i>. 37 , 520) — c.g, : 

CH,r,H 8 (OCHa)a €110*11,(0^11,), OCHC,n,{OCH,), 

yc — NCl(C:Hv) yc — NC 7 II 7 /CO-NC 7 H 7 


Finally, on heating with alcoholic potash, papaverine iodo-methylate 
splits off methylamine and is converted into tetramethoxy-^-phenyl^- 

a-naphthol, ^ transition 

from a-benzyh 6 'oquinoline iodo- methylate to /?-phenyl'a-naphthol) 
(A. 362 , 3^5) * 


f 


. CHj 

H CH 


^ 9 ' 

CHa 



H 


H 

CHg H 
H* 

Laudanosin 


Hi^.H 


OCH, 

H, 


Laudanosine, C2iH^7N04, m.p. 115°, is found in opium in very 
small quantities (about o-ooo8 per cent.). It is closely related to 
papaverine, whose methochloridc passes, on reduction with tin and 
HCl, into the hydro-chloride of [d + ZJ-laudanosinc, which must therefore 
be regarded as N-methyl 4 etrahydro-papaverine. The [d + /]-laudanosine 
can be split up by means of its quinate into its optically active anti- 
podes, the dextro-rotatory modification being identical with the 
laudanosine found in opium. The synthesis of papaverine therefore 
includes that of laudanosine. On a further synthesis, by way of di- 
hydropapaverinc, see B. 42 , 1979. 

Narcotine (i), C23H43NO7, m.p. 176®, [a]y =207-35®, is separated 
from morphine by means of KHO, in which it is insoluble (Robiquet, 
1817). On heating with alcohol or acetic acid it is racemized to 
gnoscopine=[^ f q-narcotine, m.p. 233®, which is also found among 
the opium alkaloids, but is probably a secondary* body derived from 
narcotine. Through its t^-bromo-campho-sulphonate it can be split up 
into d- and /-narcotine (C. 1911, 1 . 1861; B. 44 , 800). Heated in water 
to 140®, narcotine is split up into cotamine (2)^ C12H15NO4, m.p. 125® 
(Wohler, 1844, A. 60 , i) and meconinft (3) ; the latter, by oxidation, 
passes into opianic and hemipinic acids. 



253 


MORPHINE AND ISOQUINOLINE GROUP 

Cotamine is a " pseudo-ammonium base” of the tso-quinoline series, 
from which acids generate the salts of the real isomeric ammonium 
base. As for these pseudo-hd^scs, so also for cotamine, the desmotropic 
formula of a secondary amino-aldehyde must be considered (B. 33 t 
2273; C. 1904, II. 455): 


CsH.O, 


|■CH(OH).NCH, 
tcH, CH, 


or CqHgO 


•{ 


CHO NHCII 
CH,-CHa 


3 _HCI_^ 

"^NaOH 




CH-NCl(CHa) 

CHa-CIlJ 


This tautomeric character of cotamine explains some of its rather 
contradictory reactions. Thus, cotamine as an aldehyde yields, with 
hydroxylamine, a cotamine oxime (A. 254 , 335); with aniline it gives 
cotamine anil, which, with cold methyl iodide, gives a quaternary 


H 


I 

/!> CHtO CH CJ! , 

yOfY \cir, oco/ 

ch,oI\^Ih 

H CHjO 

Narcotin 

I 


V I 

12) eWgO CHOU f3)0--Cil, 

CO 

I 

CHa' 

H (TUi 

Cotarnin Mckonin 


COj'^H 

i»ol Im 


^4) Clf|0 CHf 

H CITj 
Hydrocotarnin 

(8) cs,o Cfla — — 

-cCCx 



H CH, 

Nomarcein 


(5) CHsO CO 

Jn. 

a cii, 
Oxycotarnin 

to -T 

CH,0' 

CH,0 


1 


(Cl CH 3 O 


«7) CH 

^ \ X'H, 

.Cif \COgH rOjll c 

'"■<oi kl. cJ W- 

: ; 

CH . 


Cotamicacid Apophyllcnic acid 

19) CHgO CS (10) CO,H 

XY BNCH, ^ COgny^iH 




u CU^ 


CHjO 

Heraipvnic acid 


trimethyl ammonium iodide, (B. 36 , 1522). 

With ketones, and substances with a mctltylene group capable of 
reaction, cotamine also condenses with elimination of water, forming 
compounds, to some of which the open formula can be proved to 
apply by the preparation of a benzoyl derivative. This is the case 

in anhydro-cotarnineacetone, ch^^hcHs 2744). 

On the other hand, on reduction (compare B. 31 , 1577) cotamine 
yields hydro-cotamine (4), and on oxidation with KMn04, oxy-cotamin 
(5) (C. 1900, I. 1029; B. 35 , 1737), both of which must be regarded as 
true tetrahydrofsoquinoline derivatives. On further oxidation oxy- 
cetarnine becomes cotamic acid (6), a methoxymethylenedioxybenzene 
dicarboxylic acid, which, on heating with HCl, yields methyl methy- 
lene gallic acid and v^ith HI gallic acid (W. Roser, A. 249 , 156; 264 , 
334; 272 , 221; synthesis of cotarnic acid, see C. 1910, I. 542). Nitric 
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acid oxidizes cotarnine to apo-phyllenic acid (7), the methyl betaine 
of cinchomeronic acid (compare B. 29 , 2190). On boiling with dilute 
acetic acid, narcotine, like the cinchona alkaloids, is split up to form 
a ketone — viz., nornarceine (8) — whose zsonitroso-compound in Beck- 
mann’s transposition splits up into hemipinic acid (10) and a nitrile (9) 
(A. 377 , 223) (for diagram, see p. 253). 

The position of the CH3O- and CHoO.^-groups in the ^soquinoline 
nucleus of narcotine, cotarnine, etc., is proved as follows : As o-methoxy- 
benzaldchyde anil, in contrast with the m- and ^-derivatives, is split 
up by methyl iodide into methyl-aniline and o-hydroxybcnzaldchyde, 
so also docs cotarnine anil (see above), treated with warm methyl 
iodide, pass into a hydroxyaldehyde (B. 36 , 1523), a proof of the ortho- 
situation of the CH3O- and CHO-groups in cotarnine. On the action 
of magnesium-organic compounds upon cotarnine, see B. 44 , 2353 * 

Synthesis of Cotarnine and Narcotine . — 3-Metlioxy-4,5-methylenc- 
dioxy-phenyl-propionic-acid, CH30[3lCH.>02f4,5]C,.H2[i]CH2 . CHgCOgH, 
obtained from myristicin aldehyde, CH3r3[3]CH202[4,5]CgH.,[i]CH0, by 
condensation with acetic ester, saponification, and reduction, is con 
verted, by treating its amide with hypochlorite, into homo-myristi- 
cylamine, CH30[3]CH202[4,5]C^,H2[i]CH2 • CH^NHo. The phenacetyl 
compound of this base (i) condenses, on heating with in xylene, 
to form i-methoxy-2,3-methylenedioxy-a-benzyl-dihydrofsoquinoline 
(2), whose iodo-methylate is reduced by tin and HCl to a-benzyl- 
hydrocotarnine (3). The latter is oxidized by mangane.se dioxide 
and dilute sulphuric acid to cotarnine (4) with elimination of benzcilde- 
hyde (C. 1910, II. 478; compare also C. 1911, II. 12G7, iSib): 



CHaCaH^ 


CHg (4) H CHa 

CH CH3O CHO] 

CHaCfllls 


Cotarnine and mcconinc combine on boiling in methyl alcohol 
solution to form [d + /j-narcotinc or gnoscopine, which, as already men- 
tioned, can be split up into d- and /-narcotinc (C. 1911, I. 1861). 

Narceine (2), C2;,H27NOy + 3H2O, m.p. 170'' (anhydrous), is found, 
besides narcotine, in opium, and is obtained from narcotine iodo- 
methylate (i), on treatment with KHO (A. 286 , 248; C. 1899, 
II. 390)- 



Compare the analogous transformation of cinchonine methiodide 
into methylcinchotoxine. 
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Hydrastine (i), CgiHaiNOg (see scheme below), m.p. 132°, [0]^ = 
-67® in chloroform (Durand, 1851), is found, besides bcrberinc, in 
Berberis vulgaris and in the root of Hydrastis canadensis, a North 
American plant belonging to the Ranunculacece (C. 1899, II. 122). 
Hydrastine has a constitution resembling that of narcotine, from which 
it only differs by containing one methoxyl group less. On oxidation 
it splits up into opianic acid (3) and hydrastinine (2), m.p. 116®, which 
is the physiologically active part of hydrastine. Hydrastinine reacts 
like cotarnine, partly as a cyclic alkamine, partly as an amino-alde- 
hyde. The formation of salts occurs with elimination of water, and 
produces real dihydro -fso-quinolinium salts. 

On reduction, hydrastinine passes into hydrohydrastininc (4) or 
'i^-mefhyl-Bz-2,^-nicthylenedioxyteirahydro\soqninoline. On oxidation 
with potassium permanganate, hydrastinine first produces oxy-hydras- 
tinine (5) and then hydrastinic acid, which, with nitric acid, is converted 
into the methylimide of hydrastic acid (6) or ^S-methylcncdioxyphlha- 
lic acid. On the synthesis of hydrastic acid, sec C. 1907, IT. 602 ; J 3 . 43 , 
1336. Hydrastinine itself is oxidized by nitric acid, like cotarnine, 
to apophyllenic acid (7) (W. Roser, A. 249 , 172; Freund, A. 271 , 311): 



Synthesis of Hydrastinine. — Pipcroxylidcneaminoacetal (i) con- 
denses with concentrated HoSO.^ to ryz~2,^~mcthylaicdioxy\'soqidnoUne 
(2), which, on reduction of its iodo-methylate (3) with tin and HCl, 
passes into hydro-hydrastinine, m.p, Oo^-Oi®. The latter is converted 
into hydrastinine with potassium bichromate and sulphuric acid 
(Fritsch, A. 286 , 18): 



CH-/ 



CH,< 


(3) H CU 

orY^r’ 


H CH 


On recent syntheses of hydrastinine, see C. 1911, II. 171, 1816. 
Berberine (i), CooHigNOg+^HgO, m.p. 145® with dec., is found in 
the roots of Berberih vulgaris and in many other plants. It is optically 
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inactive. Of the numerous decomposition products" due to oxidation 
with KMnOi, we may mention oxyberberine (2) and berberal (3) as con- 
stitutionally important. The latter, boiled with dilute sulphuric 
acid, decomposes into pseudo-o^idcaic acid (4), isomeric with opianic 
acid, and the lactam of w-amino-ethyl-methylenedioxybenzoic (5), 
the constitution of which has been cleared up by conversion into oxy- 
hydrastinine (W. H. Perkin, junior, J. Ch. Soc., 55 , 63; 57 , 991): 



The positions of the two methoxyl groups follows from the formation 
of 2-Beiizoyl-3,4-dimethoxy-l)enzoic acid, cH’o[j])^*''i“{[2]coc^H5’ 
duyng the oxidation by KMn04 ^ phenyldihydroberberine, which is 
obtained by the action of C(,H5MgBr upon berberinc (C. 1910, II. 888). 

The free berberinium base separated out from berberinium salts 
seems only to. be stable in solution, and on evaporation passes into a 
" pseudo-ammonium ” base, which, like cotamine and hydrastinine, 
is to be regarded either as a cyclic alkaminc or as an amino-aldehyde, 
sometimes called berberinal (C. 1911, II. 879) : 

— CH=N(0II)-~CH2 >_CH(OH)~^N— CHa— or — CHO HN— CHa. 

As an amino-aldehyde, berberine forms with hydroxylamine and 
^-amino-dimethyl-aniline an oxime and a dimethyl -amino -anil 
(C. 1903, I. 939), and condenses with ketones with evolution of water 
(compare acetoneberberine, C. 1911, II. 1865). On heating with alkali, 
berberine yields dihydroberberine and oxyberberine. Berberine has 
dyeing properties. It forms brownish-yellow needles. On reduction 
it yields the colourless tetrahydroberberine, C20H21NO4, the racemic 
form oiCanadine, contained in the root of Hydrastis canadensis, besides 
hydrastine. By means of its bromo-campho-sulphonate, tetrahydrp- 
berberine has been split up into d- and /-canadine (C. 1910, I. 1261). 
On heating berberine hydrochloride to 200® in a stream of COg, methyl 
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chloride ivS split off, and a dark red phenol betaine, the so-called berbeni- 
bin, C19H15NO4, is formed, from which methyl iodide regenerates 
berberine hydriodidc (C. 1910, II. 166). On the action of magnesium- 
organic compounds upon berberine, see B. 38 , 2652; 40 , 2604. 

Synthesis of Berberine (A. Pictet, B. 44,2480). — Homo-piperonyl- 
amine, (CILOg) : CgH3.CH2.CH2NH2, condenses with homo-veratric 
acid chloride, (CH30)2C«H3CH2.CH2C0C1, in the presence of alkali to 
form homo-veratroyl-homo-piperonylamine (i), which, on boiling 
with P2O5 in xylene, passes into the dihydro^'soquinolinc base (2). 
Reduction with tin and HCl converts the latter into the tetrahydro- 
^se-quinoline base (vcratryl-norhydrastinine) (3), which condenses with 
mcthylal and IICl to tetrahydroberberine (4), which, on gentle oxida- 
tion, yields berberin: 



Synthesis of oxyberberine, sec B. 44 , 2036. 

From the roots of Corydalis cava numerous alkaloids have been 
isolated which are closely related, partly to berberine, partly to apo- 
morphine. Only the most important of these are mentioned here. 
Their constitution has been mainly determined by J. Gadamer. 



Corydalin 


Corydaline, C^8Hi6N(OCH3)4, m.p. 134°, [a]n=-+3oo°, colourless 
prisms. On slight*oxidation it passes into the yellow dehydro-coryda- 
line, CggHagO^N, corresponding to berberine. Stronger oxidation with , 
VOJ-. in, s 
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KMn04 produces COiydaldine, - aminoethylveratric acid lactam, 
CH,0[3]\ /[i]CO.NH 
CH,0[4]|^****{[6]CH,CH, (-95. • 54)- 

Coiybulbine, CigHigN (OH) (00113)3, m.p. 237°, contains a free phenol- 
hydroxyl, and passes on methylation into corydaline (C. 1901, 1 . 185). 

The following corydalis alkaloids are closely related to apomorphine : 
Corytuberine, Ci7Hi3N(OH)2(OCH3)2; Glaucine, Ci7Hi3N(OCH3)4; Cory- 
dine, Ci7H,3N(OH)(6CH3)3; Bulbocapnine, Ci7Hi3N(0H)(0CH3)(02CH2). 
Exhaustive methylation and subsequent oxidation disintegrates these 
alkaloids, like apomorphine, into phenanthrene carboxylic acids 
(C. 1912, 1 . 35 , 147, 149). 

Special interest attaches to the conversion of laudanosine into glau- 
cine in view of the possibility of the formation of the phenanthrene 
ring in plants. The nitro-laudanosine obtained by the nitration of 
laudanosine yields on reduction, diazotation, and boiling with powdered 
copper, racemic glaucine (see phenanthrene synthesis). By means of 
tartaric acid this is split up into d- and Z-glaucine, the i^-modification 
being identical with natural glaucine (C. 1912, I. 150): 


H CHa NCH 3 
CH, 


CH.Ol 


CHsOl^ tH 
Laudanosin 


H CH, NCM3 
CHj 


Yh^ 

CH30I 

CH.O 


CH:.0| 

CH,0 


H CH„ NCHj 

fTft: 


CHgO 

Glauciu 


' B. POLYHETERO-ATOMIC SIX-MEMBERED RINGS. 

Polyhctero-atomic six-membered rings, containing oxygen and 
sulphur as ring members, occur in a series of bodies which have already 
been discussed at the conclusion of allied bodies. Dialkylene ethers— 
e.g., diethylene oxide — and the anhydrides of a-oxyacids — e.g,, gly collide, 
diglycollic anhydride — contain rings consisting of four carbon atoms 
and two oxygen atoms. The six-membered ring of diethylene disul- 
phide and of thianthrene or diphenylene disulphide contains two 
sulphur atoms, while three oxygen atoms or three sulphur atoms are 
present in the polymeric aldehydes and the thioaJdehydes — e.g., 
tfioxymethylene, trithiomethylene, paraldehyde, trithioaldehyde, 

AZINES. 

Those members of this division containing N-atoms as ring members 
require more exhaustive consideration. This was done also with like 
bodies of the five-membered series. They may be regarded, like the 
azples, as derived from furan, thiophen, and pyrrole by the replace- 
ment of methih groups of monohetero-atomic rings, and accordingly 
they can be grouped under the commonmame of azines. 

The oxaztnes, oxdiazines (azoxazines), and dioxdiazines are, then, the 
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rings with the hetero-atoms: N and O, 2N and 0 , 2N and 2O; the 
thiazines and thiodiazines are the rings with the hetero-atoms 
S and N, »S and 2N ; and the diazines, triazines, and tetrazines are 
^ the six-membered rings with 2, 3, and 4 N-atoms. The position iso- 
merides of dihetero-atomic azines are distinguished according to the^ 
position of the hetero-atoms with reference to one another by the pre-* 
fixes ortho-, meta-, and para-. Thus, the three possible diazins as*or/Ao- 


C--C— N ;C— N— C: ;C— N— C; 

diazine, I I , metadiazine, I L and paradiazine, I 1 
C — C — N : C — C — (f.i : C — N — C : 

II II I II 


(B. 22 , 2083; A. 249 , i; J. pr. Ch. 38 , 185); the oxazines as orthoxa- 
zines, metoxazines, paroxazines; the thiazines as orthothiazines, meta- 
thiazines, and parathiazines. 

^ The parent substances of important classes of dyes (compare 
resorufin, methylene blue, ioluylene red, s afr unifies , indtUines) are the 
dibenzo - derivatives of the paroxazines, parathiazines, and para- 
diazines. 

I. OXAZINES. 


c— c— N 

A. The ring of orthoxazine, ^ ^ is present in the oxime anhy- 


drides of the y-aldehydo- and y-ketonic acids— eg., benzallaevuloxime, 
CellfiCH : CH— CHa— CO 

I I , which bear the same relation to the oxime 

CHjX -N— O 

anhydrides of the /?-ketonic acids, the isoxazolones, as the 5 -lactones 
to the y-Jactoncs (B. 25 , 1930). The ring formation of the oximes 
of o-benzaldehydo- and o-benzo-keto-carboxylic acids occurs witliout 
difficulty. Derivatives of benzorthoxazines are produced : Benzorthox- 

Cll=N 

azinone, o-Benzaldoxime carboxylic anhydride, derived 

from phthalaldehydic acid. It readily rearranges itself to the isomeric 
phthalimide (B. 24 , 2347). There is an intermediate formation of 
o-cyanobenzoic acid (see the indoxazencs). Benzomethylorthoxazinone, 

C(CH3)-^N 

o-A cetophenonoxime carboxylic anhydride, melts at 179 

(B. 16 , 1995). 

' II I II 

aC— N— C(/x) 

B. The following contain the Metoxazine ring, I 7 I : 

^C — C — o 
II I II 

1 . The penioxazolines, which are produced by the splitting-off of 
HBr from the y-bromalkylamides. This is similar to the formation of 
the five-membered oxazolines from the ^-bromalkylamides (B. 24 , 3213) : 


CHj-^Ha— NH ^ 

(IlHjBr OC.C»Hs 
yBromethylbeazaniide. 


CHj— CHj— N 
CHj— O CCeH* 

H' Phenylpentoxazoline. 
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/c-Phenyl-a-methylpentoxazoline, C4H5NO(CH3)(CgH5), and /t-Phenyl- 
a-dimethyl-r-methylpentoxazoline, C4H3NO(CH3)3(C8H5), melting at 
32°, are obtained from y-clilorobutyl- and y-bromfsohexylbenzamide. 
/i-Allylamino> and /(-pIienylamino-}/-met^lpentozazoline, or H-allyl 

CHj CHj— N 

'axid'ii-phenylbutylene-'l'-urea, \ II , are obtained from 

C1I(CII,)— O C(NHK) 

y-chlorobutylamine by means of allyl- and phenyl-mustard oil (B. 29 « 
1428; 30 , 1319). 

II. Derivatives of benzometoxazine ox phenopentoxazolinc are formed 
from o-amiuo-benzylhalogenides and acid anhydrides (B. 27 , 3515) : 


-CHjBr O 

C«H4< + IIOOC.cn, > C,H 

-c.cn, 

o-Aminobcnzyl Bromide. fx-Methylphenopeiitoxazolme. 

The cumazonic acids (B. 16 , 2585) also belong here — e.g., ju-Methyl 
cumazonic acid, Benzotrimethylmetoxazine, , melt- 

ing at 218'', and ju-Phenyl cumazonic Acid, Benzodimethyl-fi-phenyl- 


metoxazine, CgH4/ | melting at 220^ which have been 

-C.CeHg 


obtained from 3-amino-4-oxypropyl-benzoic acid with acetyl chloride 
and benzoyl chloride. Carbon dioxide is libi i atc d. 

The acylanthranils must be regarded as a/? - benzometoxazones. 

^-Phenyl-/?y-benzo-metoxazone, , ni.p. 106°, is formed 

\o — C . C 5 1 i 5 

by the action of gaseous HCl upon 0 - and N-b(inzoyl salicylic acid 
amide (C. 1910, 1. 1263). 

The imino- and thio-cumazoncs arc derivatives of dihydrohenzometox- 
azine. The former result upon the exit of water from the urea deriva- 
tives of o-aminobenzyl alcohol, the 'atter by the action of CS2 upon the 
alcoholic solution of (;-arninobenzyl alcohol and related compounds: 


XlIaOH 

Cell/ 


NH.CO.NH.CgH 


/CH^O CIlgOHcs, / 

— >CeH4< 1 CeH4< — ^CoFiY 

f' lM r T4 XXTIJ X' 


'^NH.CiN.CoHg 
Phcnyl-imino-cumazonc. 


'-NH, 


■NH.CS 

Thiocumazoiie. 


The imino-cumazones arc isomeric with the keto-tetrahydroquin- 
azolines, and when digested with aromatic amines become quinazoline 
compounds. The 0 -member is replaced by NR. The thiocumazones 
behave similarly (B. 2 ^, 2424). 

Phenyl-imino-cumazone, Benzodihydrometoxazine anil, C8H7ON:- 
(NCflHg), melting at 146® (B. 22 , 2938), forms stable salts with acids; 
with acid anhydrides and chlorides it yields addition products. Thio- 
cumazone, Benzo-dihydro-tbiometoxazine, C8H7ON : S, melting at 
142®, is an acid, and forms a sparingly soluble potassium salt (B. 25 , 
2979; 27 , 1866). 

, /i- Methyl- and /j, - phenyl - - benzo - dihydro - metoxazone, 

< 0 CH.R • * t 

CO— NH ' formed by the condensa- 
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tion of acetaldehyde and benzaldehyde with salicylic acid amide 
(C. 1907, II. 1341). 

Naphtho-/?y-dihydro-mctoxazines are formed by the condensation 
of / 9 -naphthols with aldehydes, NH3, or amines (C. 11901, 11 . 1009): 

. „ /O CnCeH, fO CHCeH, 

N— C— C 

C. Paroxazines, | | . 

c— c— o 

I. Of the simple nucleus, we know only saturated derivatives. 
Tetrahydro-paroxazinc or morphpline,_Nil<^^j2^^:pj2^0, b.p. 129°, was 

so called because, for some time, a similar ring was supposed to 
exist in morphine. It is formed from diethylolamine, NH(CH2CH20H)a 
(feee Vol. L), by heating with 70 per cent, sulphuric acid to 160° to 
170°. It is better to start from tokicnesulphondinaphthoxyethyl- 
amide (CiqH 70CH2CH2).2NS02C7H7, which is formed from bromelhyl- 
naphthol ether, CioH70CHoCH2l3r, with toluenesulphon amide, and 
gives morpholine on heating with mineral acids (B. 34 , 1157). Morpho- 
line closely resembles piperidine. By exhaustive methylation it is split 
up into trimcthylamine, acetylene, and water (A. 301 , i; B. 32 , 736). 

Keto-derivatives of morpholine are represented by iV-methyl- 
morpholone, b.p. 233°, from oxcthylmethylamino-acetic acid (A. 307 , 
199) ; diglycollic acid imide; and the isomeric diglycollimide acid anhy- 
dride (see Vol. I.) : 


Clla— O— CHa CO O Cll^ CO— O—CO 


Clla— O— CHj 


CHo.NII.ClIa CtT2.N(Cll3).CH2 

Men pholine. Mcthyl-morpholouo. 


CH2.NH.CH2 
Di^lycol.iniic acid 
anhydride. 


CO -NH-CO 

Dii^lycollic acid 
imidc. . 


II. Benzoparoxazine has the derivatives: /^-phenylbenzoparoxazine, 
o— CH. 

C6H4<^ I , m.p. 103°, obtained by the reduction of o-nitrophenyl 

" OCgH^jj 

phenacyl ether, (N0.2)C(jH40CH.,C0C,jH5; and - methylbenzopar- 
oxazine, CjiHj^NO, similarly obtained from o-nitrophenoxyacetone. 
Stronger reduction in the latter case produces - methylbenzomor- 
pholine, C^HnNO, b.p. 255" (B- 31 , 752). 

.v' . CHa 0 

Benzomorpholine, CflH4<^ I , b.p. 268°, from o-hydroxydhyl- 
NH — CH2 

aminophenol; on decomposition by iodo-methylate, it gives o-dimethyl- 
aminophenyl vinyl ether, (CH3).2NQH40.CH : CHg ; benzomorpholine 
resembles tetrahydroquinoline fB. 32 , 732). 

The combination of tetrahydro-naphthylene oxide with amino- 
ethyl alcohol produces the so-called naphthalane - morpholine, 
.CHa.CH— O—CHa 

I I ^ ^-P* 63°* t).p. 312°, which, like morphine, is 

soporific. Decomposftion by .exhaustive methylation converts it into 
dihydronaphthyl dimelhylaminoethyl ether, CioH»O.CH2CH2.N(CH3)a, 
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which resembles methylmorphimethine in its decomfjosition into 
naphthaline and dimethylamino ethyl alcohol, which, however, in 
this case occurs much more easily (B. 32, 742: A. 307, 171). 
Amino-camphor and ethylene oxide produce camphene-morpholine, 
x — o — CHo 

C,U,y\\ 1 , b.p. 242° (A. 307, 187). 

\c— NH-~CH2 

.0 CHa 

Benzo-i^-morpholone, ^ " nitrophenoxyacetic 

acid (sec C. 1898, II. 540). The two isomers, Benzo-a-methyl-i^-morpho- 
lone and benzo-i^-methyl-a-morpholone, m.p. 145° and 110° respec- 
tively, are obtained from 0 - nitrophenoxypropionic acid and from 

o-aminophenol with bromopropionic acid ester (B. 30, 2927; 33, 1598). 

Naphtho-i?-morpholone, ^Q^ ^'*P* 216°- 

On electrolytic reduction the morpholones partly yield morpholines 
and partly split the hetero-ring (C. 1903, II. 447). 

III. A series of important dyestuffs belong to the group of dibenzo- 
paroxazine or phenoxazine, of benzo-naphtho- and dinaphtho-par- 
oxazine. 

o 



NH 

Phenoxarin. 


Phenoxazine, m.p. 148°, is formed by heating o-aminophenol with 
catechol (A. 322, 9). 

3-Methylphenoxazine, m.p. 124®, from catechol and o-amino- 
w-cr^sol; 3,6-dimethylphenoxazine, m.p. 205®, from homocatechol and 
o-amino-w-cresol. 4-Nitrophenoxazine, m.p. 166°, from o,^-dinitro-Oi- 
hydroxydiphenylamine, on heating with dilute NaHO with elim- 
ination of NO2H (A. 366 , 80). Similarly, 2,4-dmitrophenoxazine is 
obtained from picryl chloride and o-aminophciiol. 

Phenanthroxazine, (CoH4)2<^ 

hydro-quinone with NH3 (B. 34, 

Phenoxazine and its homologues are oxidized by bromine or ferric 
chloride to coloured ortho-quinoid so-called azoxonium salts (with 
quadrivalent oxygen), which mostly are very unstable. Especially 
when the para-positions to the N-atom are free from substitution, 
substitution easily takes place in these positions on treatment with 
amines or alkalies by the groups — NHR and — OH. 

Thus the Dyes of the Paroxazine Series are produced, which form 
inner anhydrides by splitting off i molecule of acid (A. 322, i) — e.g, : 

yNH .N V yN . 

\CeH, > CeH^. > CcH.NH .CeHj,/ yC,U, 

CJ'I.NH.Cellaf >0,11* > >0,11*. 

^O(Br)^ 


[ from phenanthrene 
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This interpretation of the paroxazine dyes as oriho-quinones, which 
may be equally applied to the parathiazine and paradiazine dyes (see 
below), is ixx contrast with the older theory, which regards these com- 
pounds as paraquinones and derivatives of the quinone anils, indo- 
phenols, and indamines, in which the two aromatic nuclei, in the ortho- 
position with respect to the tertiary N-atom, are linked by an oxygen 
atom — e.g, : 

0;C,H,=N— C.H 1 OH O ; C,H,N : C.H 

lado-pbenol. Oxy-phcnoxazone (Resorubn). Pbenyl-phenoxazime. 

Perhaps the ortho-quinoid anhydride forms are desmotropic 
with the para-quinoid forms; the latter, for the sake of convenience, 
have been retained in what follows. For the phenoxazime salts the 
para-quinoid constitution may be preferable. Accordingly, as quinone 
pionimine or quinone di-imine derivatives are in question, the ground 
substances of tlie phenoxazinc dyes arc distinguished as phenoxazones 
or phenoxazimes (B. 25 , 2995). They are also produced: 

1. Upon condensing o-hydroxyquinones and o-hydroxyquinone- 
imines with o-aminophenols. The hydroxy-^-quinones of the naphtha- 
lene series arc especially adapted for these condensations (B. 26 , 
2375; 28 , 353 ): 

O : > O : C4„H4<^°^C.H4. 

a,o-Hydroxynaphthoquinoiie, o-AiniaopbenoI. Napbthophenoxazone, 

2. Oxy- and amino-derivatives of the phenoxazones and phenox- 
azimes, the real dyes, result by the condensation of quinone dichlor- 
imides, nitrosophenols, or nitrosodimethyl aniline with polyhydric 
phenols or tertiary aminophenols : 

O : ^ q ; 

Nitrobopbenol. Resorcin. Hydroxyphenoxazone. 

3. Aminophenoxazimes are obtained by air oxidation of hydroxy- 
p phenylene diamines in acetic acid solution (B. 40 , 3397; 42 , 1275): 

2NH3C.H,/””’ 5 > NH : 

Phenoxazone, 0[3]CgH2(N0)CgH4, m.p. 217°, golden-brown flakes; 
phenoxazinc with FeClg gives the unstable phenoxazonium chloride (see 
above), which, on boiling with water, yields phenoxazone (B. 35 , 341). 

Resorufin, Hydroxyphenoxazone, O : CoH3(NO)C3H3(OH), is produced 
when nitric acid containing NgOg acts upon an ethereal solution of 
resorcin (Weselsky, A. 162 , 273) ; and from nitrosoresorcin by means of 

< N V 

(no)/^®^ 3(OB), is an 

intermediate product in this reaction. The alkaline solutions of reso- 
rufin are rose-red, •with a magnificent cinnabar-red fluorescence. 
Orcirufln is obtaiiled, like resorufin, from orcin. 
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Phenylphenozazime, Cp,H5N[3]Cp,H3(NO)CgIi4, red flakes, m.p. 197°, 
from phenoxazine by oxidation with ¥eCl^ in the presence of an 
anijine salt, is converted by further action of aniline into anilino- 
phenylphenoxazime, C6H5N[3]C3H3(NO)CgH3[6]N HCgHg, which re- 
sembles the dyes of the Capri Blue series, which are also derived from 
«3,6-diaminophenoxazinc — e.g., (CH3)2NC3H3(NO)C3H2(CH3)N(C2H5)2, 

whose/anc chloride double salt, obtained from o-diethylamino-m-cresol 
and nitrosodimcthylaniline, is the Capri Blue G.O.N. of commerce 
(C. 1902, II. 458). 

Gallocyanine, Dimeihylamino-hydroxy-phenoxazone-carboxylic acid, 
N(CH3)o.C(jH3(NO)Cf.H(OH)COOH: O, is produced by the action of 
nitrosodimethylamline upon gallic acid. With mordants, especially 
chromic oxide, it forms violet-coloured and stable lakes (calico 
printing). 

On iiealing with aqueous sodium acetate, soda, etc., gallocyanine 
expels CO2 and passes into dimethylaminohydroxyphenoxazone (C.* 
1908, I. 573). On the products of the action of primary aromatic 
amines upon the gallocyanine dyes, see J. pr. Ch. [?], 77 , 498. 

Phenonaphthoxazone, O: CjoH3(NO)CeH4, m.p. 192°. Naphtho- 
phenoxazone, O: C^,H3(NO)Ci3H^, brown needles, m.p. 211°, from 
nitrosophenol and /?-naphthol (B. 36 , 1807). Phenonaphthoxazime, 
NHCioH 3(NO)C^H4, m.p. 243^ from hydroxynaphthaquinone-imiiie 
v/ith o-aminophcnol. 

Chlorohydroxyphenoxazone, CgH4(N0)C^5lTCl(01I): 0 , melting with 
decomposition at 235^^, is obtained fiom />-dihydroxychloroquinone 
and aminophcnol (B. 26 , 2375). 

Dimethylnaphthophenoxazime chloride, CioIIr>(NO)rp,H3 :K(CH3)2C1, 
from /?-naphtliol and nitrosodimeth3daniline, is the so-called nafhihol 
blue, which dyes cotton mordanted with tannin a violet -blue (B. 23 , 
2247). amino-derivative of naphtbol blue, while cyana- 

7 nine\s an anilino-dcrivativc. For other derivatives consult A. 289 , 
90; B. 29 , R. 1,000). 

Hydroxyphenoxazime, results from the oxida- 

\0/ >NI1 

tion of 0 - aminophcnol. It condenses to triphenodioxazinej 

with another molecule of aminophcnol; B. 23 , 

182, 27 , 2784; 32 , 126). See B. 29 , 2076, for methyltripheno- 
dioxazine. 


2. THIAZINKS. 

C— C~N 

A. Orthothiazines, I I , arc not known. 

(rbC-N— C(/.) 

B. Metathiazine, . The following bodies are derived 

^ m ( 7 ) 

frorrv this ring: 

The penthiazolines, corresponding to the pentaxazolincs. They 
♦are prepared from the y-haloid alkylthiobcnzamides. 
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CHa.CHa.N 

//-Phenylpenthiazoline, | II , melting at 45°, is obtained 

CHa.S CXeUg 

from thiobcnzamidc and trimethylene chlorbromide (B. 26 , 1077). 

- Phenyl - a - dimethyl - y - methylpenthiazoline, C4H3N Sj^CHg) , 

melting at 34°, is derived from y-bromisehexylthiobenzamide. 
//-Mercapto-y-methylpenthiazoline and -7- methyl - a - dimethylpen- 
thiazoline, melting at 131° and at 180°, are made from y-chlorbutyl- 
amine and y-brom^sc^hexylamine by the action of carbon bisulphide 
(B. 29 , 1429; 30 , 1321; see also B. 29 , R. 648 and G84). 

CHa— CO— NH 

Diketo-penthiazolidine, Sinapane-propionic Acid, | I , melt- 

CH., — S — CO 

ing at 159°, results when /?-iodopropionic acid acts upon xantho- 
gcnainide (B. 24 , 384S). 

II. Derivatives ot henzomctathiazinc or phenpenthi azole are produced 
In the interaction of o-aminobenzyl haloids and thio- amides (I. 282; 
II. 251) (B. 27 , 3519)- 


CH.,Br 

+ NlfaCS.CHa 




CHa— S 

/ I 

N C.CH3. 


iW-Methylphenpenthiazole, melting at 46*", is produced by the action 
of PoS- upon /i-inetliy]phenopentoxazole; also from 0- acetyl amino- 
l)enzyl alcoliol and P2S5, as well as from e-acetylaminobcnzyl sulphide 
and P(d-. Consult B. 30 , 1143, for other derivatives. 

The imino- and fhio-amiothiazoncSy corresponding to the imino- 
and tliiocumazoncs, belong here. Like them, they result from the 
action of CS.^ and alcoholic potash upon the thio-urea derivatives 
of e-aminobeiizyl alcohol, or aminobenzyl alcohols in general: 

.NH— CS 

Thiocumothiazone, Benzodihydrothiothiazme, ^ * belt- 

ing at is an acid. It forms A’^-phenylthiotetrahydroqiiinazoline 
when boiled with aniline, the ring sulphur atom being replaced by 

>^H~C : NH 


NC,H,. 


or CgH|\ 


\ 


Iminocumothiazone, Bcnzylene-yf-thioiirea, 

/N -C.Nll. 

. • I 

XH, -S 


CHo— S 


melting at 137°, is produced in the reduction of 


o-nitrobenzyl sulpliocyanidc, as well as from o-aminobenzyl chloride 
and thiourea. Potassium permanganate oxidizes it to a-quinazolone, 
while, digested with aniline, it forms phenylimino-cumothiazone, 
benzodihydrothiazine anil, melting at 197°, which results upon expelling 
water from w-hydroxy-o-tolylphenylthiourea (B. 22 , 2933; 27 , 2429). 

C--N— C NH— CO 

C. Parathiazine, I I, Ketodihydrobenzothiazine, C6H4C | , 

"c— S— C CHa 

is a benzo-derivative which may possibly originate from this ring. It 
melts at 179°, and is produced by the interaction of o-aminothiophenol 
and bromacetic acid^(B. 30 , 607). 

The symmetriial dibenzo^lerivatives — e.g., dibenzo- and dinaphtho- 
parathiazine, or thiodiphenylamine and thiodinaphthylamine — are more , 
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important. Thiodiphenylamine corresponds to phenoxazine or diben- 
zoparoxazine, and, like the latter, is the parent substance of a series of 
more important dyes, among which is the very valuable methylene blue. 


s 



^ Thiodiphenylamine. 

^ Thiodiphenylamine, melting at 150® and boiling at 370®, is pre- 
pared analogously to phenoxazine by heating o-aminothiophenol and 
pyrocatechol to 220°. An easier course consists in heating diphenyl- 
amine to 250° with sulphur in the presence of AICI3 (C. 1910, II. 255) 
or SgCl., (B. 21, 2063). It is a neutral body, the imine hydrogen of 
which can be replaced by alkyl and acid radicals. See B. 24 , 2910, 
for the urea derivatives. Tetrachlorothiodiphenylamine, m.p. 235° 
(B. 29 , 1363). H2O2 oxidizes thiodiphenylamine to diphenylamine 

sulphoxide, m.p. 250°, which, with cold HCl, gives 

phcnazothionium chloride (see below), and, with hot HCl, chloro- 
thiodiphenylamine (C. 1909, II. 1326; 1910, II. 890). With nitric 
acid, thiodiphenylamine yields ni trodiphenylamincsulphoxide, 
CeH4<^^>C4H3.N02, which can be reduced to 3-amino-thio-diphenyl- 
amine, and dinitro-diphenyl sulphoxide, which can be reduced to 3,6-di- 
aminothiodiphenylamine or leucothionine,"' 

The latter is also formed by heating /> - diaminodiphenylaminc, 
(NH2CeH4)2NH, with sulphur. It is the leuco-base of the simplest 
thionine dye, into which it is converted by oxidizing with FeClg. The 
tetracnethyl derivative of leucothionine is the leuco-base of methylene 
blue. The therapeutically active acidyl derivatives of leuco-methylene 
blue, like N(CH3)2C«H4[N(COCH3)S]CeH4N[CH3]2, are easily obtained 
from the zinc chloride double salt of leuco-methylene blue with acid 
chlorides (B. 33 , 1567), 

2,4-Dimtrothio^phenylamine, from picryl chloride and o-amino- 
thiophenol, gives, on reduction, an isomer of leucothionine (A. 322 , 
57; B. 44 , 3011). 

Thiophenyl-a- and /^-naphthylamine, C6H4(SNH)CioHg, m.p. 138° 
and 178®, from phenyl-a- and ) 5 -naphthylamine with sulphur. Thio- 
a- and i$-dinaphthylamine, S(CioHg)2NH, m.p. 177® and 236®, from 
thio-a- and / 3 -dinaphthylamine with sulphur (A. 322 , 44, 51). 

By oxidation with FeClg or bromine, thiophenylamine and 
its homologues, like phenoxazine, are converted into coloured 
ortho-quinoid so-called “ azothionium salts (with quadrivalent 

sulphur), n<J*”;>sci,n<;^ SBr, which, like the azoxonium salts, 

are substituted, on treatment with amines or water, in the para- 
position, with respect to the N-atom, by NHR or OH groups. 

As regards the structure of the dyes of the thidzir^ series, the same 
^remarks apply as those concerning the paroxazine dyes: the dye bases 
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can be regarded either as inner anhydrides of ortho-quinoid amino- 
or oxyphenazothionium hydroxides, or as derivatives of para-quinoid 
indophenols, indamines, etc. (compare A. 322 , 34) : 


C.H,/ ‘ V.Hj.O 

C,H4<^^^C.H,.NR 

: 0 

\n^ 

Phenothiazoue. 

C.uyNc.HjiNR 

Phenothiizime. 


Lauth’s dye substances belong to the phenothiazimes (Bernthsen, 
A. 230 , 73; 251 , i). They result upon oxidizing ^^-phenylenedi- 
amines in the presence of hydrogen sulphide. It is probable that 
indamines occur as intermediate products: 

N 

Another procedure which may be adopted in the preparation of 
these dyestuffs is based upon the fact that indamines and thiosulphuric 
acid yield thiosulphonic acids, which change to the leuco-bases of the 
thiazine dyestuffs upon boiling them with dilute acids. Therefore, the 
dyestuffs can be obtained by oxidizing a mixture of i molecule of 
_^-diaminc with i molecule of a monamine, which form the indamine, 
in the presence of a thiosulphate. Pheno-thiazones are produced 
when ^-aminoplienols are oxidized in the presence of hydrogen 
sulphide. 

Fhenothiazime, Cp,H4(NS)C^H3NH, is obtained from 3-aminothio- 
diphenylamine by oxidation or by de-amination of thionine (see below). 
It reacts with amines in the cold, forming iV-alkylated thionines, 
NHRC6H3(NS)C,H3NH (C. 1900, II. 340; B. 33 , 3291). Pheno-thi- 
azime chloride or 3-ainino-phenazo-thioniuni chloride (see above) can 
be diazotised in a strongly acid solution (A. 322 , 64). 

Phenylphenothiazime, C(,H4(NS)CgH3(NCeH5), dark red flakes, 
m.p. 150°, from thiodiphenylamine by oxidation with FeCl, in the 
presence of an aniline salt. Its chloride, 3-anilinophenazothionium 
chloride, yields, after further action of aniline, ^, 6 -dianilinophenazo- 
thionium chloride or diphenyl thionine chloride (A. 322 , 39). 

Aminophenothiazime, Thionine, LautVs Violet, NH2.C^H3(NS)- 
C^Hg : NH, is obtained from /)-phenylenedi amine, and also from its 
leuco-base, diaminothiodiphenylamine, by oxidation. 

Isomeric with thionine is -aminophenothiazime, CgH4(NS)CeH3- 
(NH2)NH, obtedned by oxidizing 2,4-diaminothiodiphenylamine 

(A- 322, 57). . . 

Methylene Blue, Tetramethylaminophenothiazimium chloride, 
(CH3)2N.C6H3(NS)C8H3: N(CH 3 ). 2 C 1 (Caro, 1877), results upon oxidizing 
2 molecules of dimethyl-^-phcnylenediamine in HaS-solution, or i 
molecule of dimethyl-/>-phenylenediamine with i molecule of dimethyl 
aniline and thiosulphate. 

It dyes silk, jor •cotton giordanted with tannic acid, a beautiful 
fast blue. 
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Phenothiazone, CRH4(SN)CgH30, results upon oxidizing hydroxy- 
thiodiphenyl amine, or from phenothiazime by boiling in soda solution. 
Pheno-a-naphtlmothione, CflH4(NS)Ci(,H50, m.p. 176°, from pheno- 
naphthazothionium sulphate on standing in aqueous solution. 
Dinaphthazo-thione, CioHq(NS)CioH 50, m.p. 245°, from phenyldinaph- 
thiazime by the action of dilute mineral acids (A. 322 , 52). 

9 *yphenothiazone, Thionol, HO.CftH3(NS)CgH3 : 0 , is produced on 
boiling thionin with dilute acids or alkalies. * 

Also from hydroquinonc, />-aminophenol, and sulphur, with 
subsequent oxidation. Hydroquinonc, ^ - phenylene - diamine, and 
sulphur similarly give thionoline, NH2C,.H3(NS)C„H3;0 (C. 1899, II. 
54 ^^)- 

The para-thiazine class probably comprises the blue and black 
substantive cotton dyes which are chiefly produced by fusing ^-amino- 
and ^-nitro-phenols, nitro- and nitroxy-diphenylamines, and indo- 
phcnols, with sulphur and sulphur alkalies at temperatures between*^ 
140° and 200°. They arc called Sulphur Dyes.* They are high 
molecular, amorphous dyes, insoluble in acids and alkalies. But 
when treated with sodium sulphide they dissolve even in the cold, 
and are precipitated unchanged from such solutions by blowing air 
through them. This behaviour renders it possible to use them in the 
manner of vat dyes. The resulting dull colorations are very fast with 
regard to light and washing, and this quality can be increased by treat- 
ment with chromium or copper salts. The constitution of the sulphur 
dyes is not yet determined with certainty. At present they are regarded 
as di- or poly-sulphide derivatives of thiazines, which, on treatine.nt 
with sodium sulphide, form easily oxidizablc mercaptothiazines soluble 
in alkali. That they belong to the thiazine group has been proved 
directly in the case of one of them, Immedial Pure F>lue '' (see 
below), by converting it into tctrabromodimcthylaininophenothia- 
zone*(B. 37 , 2617, 3032; see also B. 39 , 1016; D.R.P. 140964, 
178940). 

The first technically important sulphur dye, now* obsolete, is “ Vidal 
Black , from ^-aminophenol or ^-amino-o-crcsol (C. 1897, II. 747; 
1898, II. 1151). Among the exceedingly numerous sulphur dyes we 
may mention Sulphur Black (from 2,4-dinitrophenol), Immedial Black 
(from o,/)-dinitro-^-hydroxydiphenylamine), and Immedial^ Pure Blue 
(from ^-hydroxy-^-dimethylaminodiphenylamine). 

Another group of yellow and brown sulphur dyes, obtained chiefly 
by fusion of w-toluylene-diamine and related substances with sulphur 
or sulphur alkalies, probably belongs to the class of benzothiazoles. 


CH-CII—N 
CH = CH— N 

Pyridazinc, 

Orthodiazine. 


3. DIAZINES. 

CH--=N — CH 

cn^cii—N 

Pyrimidine, 

Metadiazinc. 


CH=N— CH 
CH-N-CH 

Pyrazine, 

Paradiaziiie. 


*0. Lange, Die Schwcfelfarbstoffe, ihr(f Herstellungfund Verwendung. 
^Leipzig, 1912. 
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^ A. ORTHODIAZINES. 

1. Pyridazines or ortho-diazines are formed: 

' I. From 1,4-diketones with hydrazine hydrate; the dihydropyrid- 
azines formed at first pass into pyridazines by air or auto-oxidation 
(B. 36 , 491) : 

CHa— OOCgHj NHg CH =C(CeH6) .NH CH = C(C6H5)-N 

+ . > . . > . 

CHa— COCII3 NHa CH -CCCHa) .Nil CH = C(CH3)— N 

2. From pyridazones (see below), with POCI3, chloropyridazines 
are obtained, which are reduced to pyridazines with HI and phos- 
phorus (B. 34 , 4227) : 

HC— CO— Nil HC— CC1 = N HC— CH=N 

* .. > .. . > .. 

HC -CH=N HC— CH- N HC— CIT = N 


3. Phthalazines and phenazones, the benzo- and dibenzo-deriva- 
tives of pyridazine, are oxidized by means of permanganate to 
pyridazine carboxylic acids (B. 36 , 3373): 

rCII-N CO 2 H.C— CJi-rN Cgllj.N CO 2 H.C— C(C02H) : N 

CaH,] . > .. . ; . .. > 

tCH-N COoll.C— Cll-N CoHj.N COall.C— CiCOaH) : N 


Pyridazine, o-Diazinc, 


(5) CH-CII— N (1) 
(4) CH-Cll— N (2) 


CH— CH^N 

CH-CH=N’ ' 


b.p. 208*^, is formed (1) from nitro-succinaldehyde or from the 
fumar-dialdchydc resulting from its decomposition, and hydrazine 
hydrate (C. 1903, I. 652); (2) from pyridazine-3-carboxylic acid; or 
(3) the tctra-carboxylic acid by splitting off the carboxyl groups ; (47from 
pyridazone by method 2 (B. 42 , 654). Pyridazine smells like pyridine, 
forms soluble salts with acids, and combines with AuClj, HgC^, etc. 

On treating the corresponding pyridazones by method 2 we obtain : 

3-Methyl-, 3-Phenyl-, 5,3-Methyl-phenyl-pyridazine, b.p. 214°, 
m.p. 103° (b.p. 332°, m.p. 95®). 3,6-Methylphenylpyridazine, m.p. 
103^", 3,6-piphenylpyridazine, m.p. 222®, 3,4,6-Triphenylpyridazine, 
m.p. 171°, trom 1,4-diketones by method i (see above). 

3,6-Dimethylpyridazine, m.p. 32°, b.p. 215°, very hygroscopic, is 
formed from its dicarboxylic acid (B. 37 , 4362). 3-Methylpyridazine 
condenses, like quinaldine, with benzaldchyde and phthalic acid anhy- 
dride. 

Pyridazine-3-carboxylic acid is obtained from 3-hydroxyphenylpyri- 
dazine (method 2) by oxidation with permanganate (B. 32 , 395). 
6-Phenylpyridazine-3-carboxylic acid, m.p. 131^, from 3,6-methyl- 
phenylpyridazinc with dilute nitric acid (B. 36 , 491). 3,6-Dimethyl- 
pyridazine-4,5-dicarboxylic ester, m.p. 56°, from its dihydro-derivative 
with nitrous acid. Pyridazine-4,5-dicarboxy]ic acid, m.p. 213® with 
dec., from phthalazine. Pyridazinetetracarboxylic acid, from phena- 
zone (see above). • 4'$henylpyridazine-5,6-dicarboxylic acid, 4-phenyl- 
cinnolinic acid, m.p. 221®, from 4-phenylcinnoline (see below). 
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Dihydro-pyridazines are obtained from 1,4-diketones, and hydrazines 
often with, or instead of, the expected iV-aminopyrroles (see method i 
for pyridazines). i-Phenyl-3-methyldihydropyridazine, m.p. 197® with 
dec., from laevulinic acid aldehyde with phehylhydrazine (B. 31 , 
45 )* 3,4,6-Triphenyldihydropyridazine, m.p. 187®, from desyl-aceto- ' 
‘phenone with hydrazine, passes, on heating, or treating with chromic 
acid, into the corresponding pyridazine. 1,3,4,6-Tetraphenyl-dihydro- 
pyridazine, C4H2(CgH5)4N2, m.p. 149®, from desyl-acetophenone and 
phenylhydrazine, yields, on dry distillatiop, 1,3,4-triphenylpyrazole 
(A. 289 , 310). 

3,6-DimethyIdihydropyridazinedicarboxylic ester, 

N=C(CH3).CHC0AH5 . . , . ^ 

X ^ » IS formed from diaceto-succimc acid ester with 

N=C(CH3) .CHCOjCaHj' 

hydrazine hydrate in alcoholic solution, and with a second molecule of 
hydrazine yields the cyclo-hydrazide of the acid (B. 36 , 497; 37 , 91). ^ 
Keto-dihydro-pyridazines or pyridazones, and keto-tetrahydro- 
pyridazines or pyridazinones, are formed from 1,4-keto-carboxylic 
esters with hydrazine hydrate or mono-substituted hydrazines, and 
must therefore be regarded as ring homologues of the pyrazolones: 


CBr.CHO NHj 
CBr.COOR^NHa 


CBr— CH-N CHj.COCHj NH^ CHaC(CH 3 ):N 

• : . -h . — >■ . 

CBr— CO— Nil CHa.COOR NHj CHg— CO NH 


The pyridazinones are easily oxidized to pyridazones by bromine. 
With POCI3 the pyridazones give chloropyridazities, the chlorine atom 
of which is easily replaced. 

Pyridazones , — ^Pyridazone, C4H4ON2, m.p. 104®, is formed from its 
carboxylic acid, obtained by the oxidation of pyridazinone-3-carboxylic 
acid (see below) with bromine (B. 42 , 657). Dibromo-pyridazone, m.p. 
224®$ from mucobromic acid with hydrazin (see above). 

3-Methyl-pyridazone, m.p. 143®, 3-Phenyl-pyridazone, m.p. 202°, 
5,3-Methyl-phenyl-pyridazone, m.p. 190®, i-Phenyl-3-methyl-pyrid- 
azone, m.p. 82®, from the corresponding pyridazinones with bromine 
(B. 34 , 4227, etc.). 

Pyridazinones , — ^Pyridazinone, 170°* is formed by 

splitting off CO2 from pyridazinone-3-carboxylic acid, C^HgONg.COoH, 
m.p. 198®, the condensation product of hydrazine with a-keto-glutaric 
acid (B. 28 , R. 239; 42 , 655). 

Pyridazinone is readily decomposed by boiling alkalies, with the 
jjplitting off of hydrazine. 3-Methylpyridaziiione, melting at 94®, and 
3-P]ienylp3rridazinone, melting at 149®, are prepared from laevulinic 
ester and benzoyl propionic ester. 3-Phenyl-pyridazinone-5-carboxylic 
ester, melting at 156®, is obtained from benzoyh’sosuccinic acid ester 
with hydrazine hydrate (B. 28 , R. 68) ; 5,3-methylphenylpyridazinone, 
m.p. 157®, from benzoyl isobutyric acid with hydrazine (B. 34 , 4230). 

i-Phenyl-3-methylpyridazinone, C4H4(CH3)ON2C3H6, melting at 
107® and boiling at 340°-350°> yields i-Phenyl-3-methylpyridazone, 
CH-CO N.CeHs 

W ,1 , on treatment with PCl^ and ice-water. It 

Cxl—- C(CIi3)' — N * 

• contains two atoms less of hydrogen. It melts at 82®. Phenyl- 
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methylchlorpyridazone is formed at the same time, and can be 
converted by NaOCgHg into ethoxy-phenyt-methyl-^pyridazone. This 
on saponification becomes oxyphenylmethylpyridazone, which undergoes 
rearrangement into i-phenyl-3-methylpyrazole-5-carboxylic acid on 
being heated to 170° with hydrochloric acid (p. 83) : 

C{OH)~CO N.CgHg COOH.C N(CoH6K 

II I > II >N. " 

CH - C(CHa) = N CII— C(CH3) ^ 

CH— CO— NH 

Maleic Acid Hydiazide, II 1 , melting above 250®, is 

dikeioteirahydropyridazine, which is formed, together with the isomeric 
A/’-amino-maleinimide, from maleic anhydride and hydrazine (B, 28 , 
R. 429), Diketohexahydropyridazines, or orthodiketo piperazines, are 
cyclic hydrazides of the succinic acid series, which are produced on 
lieating the chlorides of these acids with the hydrazine hydrochlor- 

CHa— CO— N.CeHa 

ides: AT-Phenylhezahydropyridazinedione, I I 

CH,— CO— NH 

II. Benzorthodiazines, — ^There are two isomeric benzorthodiazines, 
depending upon whether the benzene ring attaches itself to the C-atom 
(3) and (4) or (4) and (5) of orthodiazine. The cinnolines and phthala* 
zincs correspond to these two isomerides: 



Onnoline Phlhalazinc. 


Cinnolines are formed by the action of nitrous acid upon o-aijiino- 
styrenes (B. 17 , 722: 42 , 1315) : 




C(CeHd:CH, 


NH, 




C{C,He) : CH 


N-- 


--N 


Similarly, hydroxycinnolinecarboxylic acid is obtained from 
o-phenylprgpiolic acid diazonium chloride on heating with water: 


.C -C.COjH 
^N,(OH) 






C(OH)--C.COaH 


‘N--.--— N 


XH-CH 

Cinnoline, CeH4<^ | , melting at 39®, is a strong base. It is 

poisonous. Its iodomethylaie melts at 168°. 

All the cinnpline derivatives known at present have been obtained 
from hydroxycinnolinecarboxylic acid, C8H4[C2N2(OH)(COOH)], melt- 
ing at 260®, which is produced on digesting o-phenylpropiolic acid 
diazochloride with water: 


X-*X.COOH 

‘\N.(0H) 


C«H, 


X(OHtr=C.COOH 




-N 
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The acid loses COg and becomes hydroxycinnoline, C8H5N2(OH), 
melting at 225°. PCI5 converts this into chlorocinnoline, CgHgNgCl, 
the chlorine atom of which may be easily replaced by OH, OCgHg, 
NHC^Hg, etc. Iron filings and sulphuric acid reduce chlorocinnoline to 
dil^drocinnoline, C8H4(C2H4N2), melting at 88 °, which mercuric oxide 
< oxidizes to cinnoline (B. 25 , 2847; 30 , 521). 

4-phenylcinnoline (see above), sulphur yellow crystals, m.p. 67°, 
is formed from o-amino-diphcnyl ethylene with nitrous acid; KMn04 
oxidizes it to 4-phenyl-pyridazine-5,6-dicarboxylic acid (B. 42 , 1315). 
4 - Methylcinnolinecarboxylic acid, C0.2nC8H3[C.2HN.,(CH3)] , yellow 
crystals, m.p. 230°, from o-ainino-propenyl benzoic acid (B. 17 , 722). 
XH =^N 

Phthalazine, melting at 91° and boiling at 316° 

(its hydrochloride melts at 231°), is produced when a hydrazine 
solution acts upon w-tetrachlor-, or, better, tetrabrom-o-xylcnc; 
CHBrj XH-N 

+ I ^ 1 . Also from chloro-phthalazinc, 

^CHBrj H^N XH-N 

by reduction with phosphorus and HI (B. 30 , 3024; 36 , 3377). 
Phthalazine and methyl iodide form an iodomclhylatc, C^HgNa.ICH^, 
melting at 235° -240°, which silver oxide converts into A- 
methylphthalazonc, and caustic potash into A^-mcthyl-phthalazone 

XJi N 

and dihydro- AT-methylphthalazine, CgibC 1 , which oxidizes 

•Clh- MClIg 

very rapidly in the air to iV-mcthyljdilhalazone (see the rJlicd 
rearrangements of the alkyl qiiinolinium iodides). Sodium amaigam 

.CKg.NH 

reduces phthalazine to tetrahydrophthalazine, I , while 

with zinc dust and hydrochloric acid the product is o-xylylene 
diamine, CgH4(CH2NH.2)2 (B. 26 , 2210; 28 , 1830, 2210). Alkaline per- 
manganate solution oxidizes phthalazine to pyriclazine-4,5-dicarboxylic 
acid (B. 36 , 3378). Chloro-phthalazine, C3H4(C2HC1N2), melting at 
113°, as well as methyl-, propyl-, and fsebutyl-chlorophthalazine, 
melting at 130° and 67° (the third being an oil), result from the action 
of POCI3 upon phthalazone and alkylic phthalazones. The reduction 
of these chlorides leads to derivatives of ^soindole. Thus, chlorophth- 

alazine forms dihydro-is>oindole, C0H4<^|^2^NH; and methyl chloro- 
phthalazine, methyl isoindole, which yields dihydro- 

methyl-isoindole upon further reduction. The homologues behave 
similarly (B. 29 , 1434)- 

Careful reduction with P and HI, on the other hand, reduces the 
chloro-phthalazines only down to phthalazines (B. 30 , 3022; 32 , 2014). 

BIethylplithalazme,c,H,<^|^^^^ m.p. 74°, like quinaldine, con- 
denses with phthalic acid anhydride, chloral, and benzaJdebyde to 
(e8H6N,)CgH : C,0,C,H„ (C8H,N,)CH2.CH(OH)CCl3, (C8 HbN2)CH:- 
CHCjHg (B. 80 , 3033). Ethylphthalazine, CgHjl'^jICaHs), m.p. 23°, 
b.p.16 190°, from ethyl cliloro-phthalazine. 
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Phenyl- and Benzyl-phthalazine, m.p. 142® and 82°, from the 
corresponding phthalazo'nes (B. 38 , 3918). 

iV-PhenyI-phthalazonium-chloride,Ceii 4 <f^[!~^,-,_ „ , m.p. 107®, 

^CH=N(C1)C«H5 

is formed by the condensation of o-phthal-aldehyde with phenyl- 
hydrazine chloride. With alkalies it passes into AT’-phenyl-i -hydroxy- . 
dihydro-phthalazine, m.p. 129°, which, with HCl, regenerates phenyl- 
phthalazonium chloride (A. 347 , 114). 

Ketodihydrophthalazines, phthalazones, have been obtained from 
aromatic o-aldehydo- and ketone carboxylic acids by means of the 
hydrazines : 


.CHO HoN 

dX + “I 

XOOH II2N 

Phthalaldehydic Acid. 


/CH=--N 
-> CJ] / I 

VO—NII 

Phthala/.nne. 


* Phthalazone, CJI^-ONo, melting at 183" and boiling at 337°. com- 
bines with alcoholic potash to potassium-phlJiaJazone, CftH-ONoK. 
It can be obtained from phthalazone carboxylic acid, the condensation 
product of phthalazonic acid with hydrazine (B. 33 , 2S08). Acetyl 
chloride converts it into 1:^- acetyl -phthalazone, while methyl iodide 
converts it into phthalazine iodomethylatc. 

C(CH3)-n 

C-Methyl phthalazone, cjiiC 1 , melting at 220® and 

\co Nil 

boiling at 348°, is obtained from o-acetophenone carboxylic acid 
(B. 26, 524, 535). C-Ethyl, Propyl-, noButyl-, and Benzyl phthal- 
azone melt at 169°, 156^, 113^ and 152° (B. 29, 1434). 

The cyclic hydrazides of the o-phthalic acids are diketophthalazines. 
They correspond to the orthopiperazones, and can therefore be desig- 

,CO— Nil 

nated bcnzortliopipcrazones, Phthalyl hydrazine, C«ll4( | , njelt- 

XO— NH 

ing beyond 250°, results from the action of hydrazine upon phthalic 
ester, chloride, or anhydride (J. pr. Ch. [2], 52 , 447; 54 , 66). Phthalyl 
phenyl-hydrazine (II. 357) results when phthalyl phenyl-hydrazide is 
heated (B. 28 , R. 429). 

III. Phenazone, (Dihenzopyrida- 

zine), is isomeric with phenazine. It consists of yellow needles, melting 
at 156°. When Oo-dinitrodiphenyl is reduced electrolytically or with 
sodium amalgam and methyl alcohol, an intramolecular formation of 
the azo-group occurs: 






r=N' 




Intermediate products formed are phenazone dioxide and phena- 
zone monoxide; phenazone oxide (m.p. 139°) is also easily formed 
from 02-dinitrodiphenyl with sodium sulphide. It is reduced to 
phenazone by stannous chloride (B. 37 , 24). Phenazone is also pro- 
duced by heating diphonyl-Og-dihydrazine with HCl to 150°. Reduction 
of phenazone with HCl and tin produces dihydrophenazone^CisHgCNoHg) 
VOL. III. ^ 
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(B. 24 , 3083). Phenazone is a base, which combines with alkyl haloids 
(Br' 87 , 25). The relations of phenazone to orthodiazine or pyridazine 
become evident from its oxidation to pyridazine tetracarboxylic acid 
by potassium permanganate. Tolazone, (C7H6)2N2, meltihg at 187°, 
is prepared from o-dinitroditolyl (B. 26 , 2239). 

3,6-Dimethyl-phenazone, m.p. 188°; 3,6-Diamino-phenazone, m.p. 
265^(B. 37 , 23). 

Substances containing a combined pyridazine and triazole ring 
have been obtained by the condensation of N-amino-triazole with 
1,3-diketones and /?-ketonic acid esters (B. 42 , 2594). 


n. META-DIAZINES. 


I. Pyrimidines . — Pyrimidines or meta-diazines are the analogues 
of the glyoxalines, and can, like these, be regarded as cyclic amidincs. 
Among the pyramidines we must also reckon purine and its derivativei^, 
containing a twin nucleus of pyrimidine and glyoxaline. The purine 
bodies, owing to their relations with uric acid and the ureides of the 
malonic acid series, were mostly dealt with in Vol. I. 

Pyrimidines are formed: (i) From carboxylic acid amidincs with 
1,3-diketones (Pinner, B. 26 , 2125): 




.NH XOCH3 

NHo XOCH2 


.N-C(CH3) 

>C 11 . 

\N=C(CH3)'^ 


Amidines with / 5 -aldehydic and ^-kctonic acid esters produce 
oxy-pyrimidines, and with cyanacetic acid ester aminohydroxypyrimi- 
dines. Instead of the amidines, urea, thio-urea, and guanidine may be 
employed, giving dioxy-pyrimidines (uracils), ;miino-oxy- and diamino- 
oxy-pyrimidines, etc., some of which were described in Vol. I. as" 
proctucts of the purine group — e.g. : 


CH3O 




+ CHa/ 


+CH3< - 

^CN 


COCTT3 
COOC2H5 

CN 


N-C(CH3). 

-> CHjCf >CH. 

^N=-X(OH) / 


.N-C(NH3). 

-> NH3CC >CH. 

\N=C(NHaK 


The hydroxypyrimidincs, with POCI3, produce chlorinated pyrimi- 
dines, which, on boiling with zinc dust and water, are easily reduced 
to pyrimidines. 

(2) Nitriles (cyanalkyls) produce amino-pyrimidines, so-called cyan- 
alkines, on heating with sodium or sodium alcoholate to 150°. The 
structure of the cyanalkines is proved by their transformation with 
nitrous acid into the hydroxypyrimidincs produced by method i (B. 22 , 
R. 327; C. 1906,1.941): 

CH,C N CCHe CHaC^ ^ N CCH, 

^ • N-.C(NH,)— CH N = C(OH)--CH 

Intermediate products occur in the formation of cyanalkines in the 
shape of imines of iff-ketonic acid nitriles — e.g,, CH3C(: NHj.CHjCN 
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(see Vol. I.), which combine with a third molecule of the nitrile to form 
imino-pyrimidines. The mixture of two alkyl cyanides with Na' or 
Na alcoholate also yields cyanalkines. 

• (a) _ (6) Ji) 

Pyrimidine, or m.p. 21% 

( y ) . (4) (3) 

b,p. 124®, a base of narcotic odour, soluble in water, precipitated by 
sublimate. It is formed from pyrimidinc-a-carboxylic acid by dry 
distillation, and from tri- and tetra-chloro-pyrimidine by boiling with 
zinc dust and water (B. 33 , 3366; 34 , 4178). Similarly, by reduction of 
chlorinated pyrimidines, the following have been obtained: 

Alkylpyrimidines, — Methylpyrimidines, a- b.p. 142®; m.p. 30®, 
b.p. 152®; /i- b.p. 138®. Dimethylpyrimidines, a/?- m.p. 3°, b.p. 177®; 
ay- m.p. 25°, b.p. 159®; a//- b.p. 146®; a-Methyl-)?-ethylpyriimdiii0, b.p. 
•193®; a-Methyl-//-phenylpyrimidine, m.p. 22®, b.p. 279®; )9-Methyl-a//- 
diethylpyrimidine (Cyanoconitne), b.p. 205°: a base acting like coniine 
(B. 22 , R. 328; 34 , 2825, 3956; 35 , 1575; 36 , 1915; 37 , 3638; 38 , 3394) ; 
ay-Dimethyl-;M-phenylpyrimidine, m.p. 83°, b.p. 276®, from benzami- 
dine and acetylacetone (see p. 274). 

The methyl groups adjoining the N-atoms, as in the case of picoline, 
quinaldinc, etc., may be condensed with bcnzaldehyde to P.[a]CH:- 
CHC.Hg, P.[ay](CH :CHC^H5)n, etc. (B. 36 , 3383). The a-methyl- 
pyrimidine, which results with special ease from methyl-uracil, is split 
up by reduction with Na and alcohol to ay-diamino-butane (B. 36 , 
1924). 

Carboxylic acids are produced from methyl-pyrimidines by 
oxidation with KMn04; carboxyls adjoining the N-atoms are easily 
detached. Pyrimidine-a-carboxylic acid is obtained from a-methyl- 
pyrimidine; and y-methylpyrimidine-a-carboxylic acids fron^ aP- 
and ay-dimethylpyrimidines together with the ay-dicarboxylic acid 
in the latter case (B. 34 , 2825, 3956). aj9-Pyiimidine-dicaibozylic 
acid is formed from quinazoline (benzo-pyrimidinc) by oxidation with 
KMnO^, and on heating gives pyrimidine- i?-carboxylic acid (B. 37 , 3647). 

Hydroxypyrimidines possess simultaneously a phenol and a basic 
character, and are also desmotropic with the keto-dcrivatives of hydro- 
genated pyrimidines. The desmotropy can be generally expressed by 
the following formulas : 

/CH.N.CON /CO.N.CH\ /CO.N.CHX /CO.N.COX /CO.N.CON 
'CH.CH.N / ’ ^CH.CH.N ' ’ ^CH.CO.N ' ^CII.CH.N ' ^CH.CO.N ^ 

These formulae arc to indicate that the H-atoms can be linked to 
the O, N, or C-atoms. Similar desmotropy is also shown by the amino- 
and the amiaohydroxypyrimidines. This group must therefore be taken 
to include the ureides, thioureides, and guanides of the i?-ketonic acids 
(uracils, etc.), aiid of the malonic acid series (barbituric acid, etc.). 

Monoxy- pyrimidines , — a-Hydrozypyrimidine, a-pyrimidone, m.p. 
165®, from a/^-dichloro-pyrimidine under the action of concentrated HI 
and red phosphorus (C. 1907, II. i529).’5|J^>-Methyl-a-hydroxypyrimi- 
dine, m.p. 212®, from acetamidfne and formyl-acetic ester (B. 37 , 3639). 
ju-Phenyl^a-hydroxypyrimidine, m.p. 208®, b.p.30 26o®-263®, from its 
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carboxylic acid, the esters of which (m.p. 214®) result from benzamidine 
or benzamidoxime with dicarboxy-glutaconic acid ester (B. 30, 1488, 
1564). //a-Dimethyl-y-hydroxypyrimidine, m.p. 192°, from aceto-acetic 
ester and acetamidine, or from cyano-methine (see below) and HNOg. 
ay-Dimethyl-//-hydroxypyrimidine, m.p. 198°, from acetyl-acetone and 
urea (B. 34, 3956; 43, 1126). a,^-Methyl-phenyl-y-hydroxypyrimidine, 
m.p. 216® (B. 35, 1575). 

Dihydroxy pyrimidines or iiracils from /9-ketonic acid esters and urea, 
as well as amino-oxypyrimidines with HNO,, or by heating with HCl, 
or from hydro-uracils with bromine (see Vol. I. : Uracile, methyl-uracile). 
Also a, /9-Dimethyl- y,;u-dihydroxypyrimidine, m.p. 290®, a,/9- Methyl- 
ethyl-y,//-dihydroxypyrimidine (B. 36, 1915). etc. 

Trioxy 'pyrimidines are represented by barbituric acid or malonyl 
urea. 

Amino 'pyrimidines are found as C3^analkines : Cyano-methine,^ 
//a-dimethyl-y-aminopyrimidine, m.p. 180®. Cyanethine, /^a-diethyl-/9-* 
methyl-y-aminopyrimidine, m.p. 189®. Cyanobenzyline, /wa-dibenzyl- 
/9-phenyl-y-aminopyrimidine, m.p. 106® (B. 29, K. 787). 

2- and 6-Amino-pyrimidine and 2,6-diamino-pyrimidine are obtained 
by reducing their halogen substitution products (B. 34, 3362 ; 36, 2227). 

ay/i-Triamino-pyrimidine, m.p. 246°, from a}'|W-trichloro-pyrimidiiie 
with NH3 at 200®, and from guanidine and malononitrile by means of 
sodium ethylate (B. 37, 4544). With HNOg it gives nitroso-amino- 
pyrimidine, which may be reduced to ^a/?y-tetramino-pyrimidine. 
a^y-Triamino-P3rrimidine, heated with formic acid, yields adenine 
(Vol. L). It is formed by oxidation w'ith from a/9>'-triamino-^- 
thiopyrimidine, and the latter from ay-diamino-zi-thiopyrimidine, 
which itself is obtained synthetically from thiourea and malonitrile. 
Similarly, thiourea and cyanacetic ester give ay-aminohydroxy-/^-thio- 
pyriipidine or a/9-diamino-y-oxy-/i-thiopyrimidine, which, by condensa- 
tion with formic acid and oxidative rejection of the SH group, gives 
hypoxanthine (Vol. I.) (A. 331, 64). 

Aminohydroxypyrimidines are produced: (i) From ^-ketonic acid 
esters with guanidine —e.g. , a/9-dimethyl- and a/9-methylethyl-y-hydroxy- 
Z^-aminopyrimidine from guanidine with methyl- and with ethyl aceto- 
acetic ester respectively (B. 34, 2825; 36, 1915). (2) From amidines 

with cyanacetic ester and sodium ethylate — e.g., /w-methyl- and //- 
phenyl-a-hydroxy-y-aminopyrimidine (B. 37, 2267; C. 1902, II. 1229). 

a-Amino-y/i-dihydroxypyrimidine, by condensation of cyanacetyl 
urea with alkali (B. 41, 522). a /9-Diamino- yz/-dihydroxy- and /9-amino- 
ay /i-trihydroxypyrimidine (uramile) are used for building up urea 
(Vol. I.). 

Chloro-pyrimidines are formed by the action of POCI3 upon the oxy- 
pyrimidines, and are important intermediate products, since the Cl- 
atoms are easily replaced by NHg, OR, SH, or H. 

Z£-Chloro-ay-dimethylpyrimidine, m.p. 38®, b.p. 223®; y-chloro-a/^- 
dimethyl- and -a//-methylphenylpyrimidine (B. 34, 3956 ; 35, 1575). 
Dichloro-a-methyl-, a/9-dimethyl- and a/9-methylethyl-pyrimidine, m.p. 
47®, b.p. 219®; m.p. 71®; m.p. 39® respectively (p. 34, 2825; 36, 1915). 
oyzi-Trichloro-pyrimidine, m.p. 21®, b.p. 213®, from barbituric acid 
(B. 37, 3657); a/9yzi-tetra-cliloro-pyrimidine, m.p. 70®, from dialuric 
acid (B. 84, 4176); with NH 3 , trichloropyrimidine, according to the 
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temperature, gives aminodichloropyrimidinc, diaminochloropyrimi- 
dine, or triaminopyrirnidine (see above). /i-Phenyl-i?-chloro-pyrimi- 
dine, m.p. 96°, and ^-phenyl-/ 5 -bromo-pyrimidine, m.p. 104'', are ob- 
tained from their carboxylic acids, resulting from muco-chloric and 
muco-bromic acid with benzamidine (B. 35 , 3167). 

Hydro-pyrimidines. — ^Tetrahydro-pyrimidines are formed from 1 , 3 - 
diamines with carboxylic acids or from 1,3-dibromides with capboxylic 
amidines. 

/i-Methyl - tetrahydro - pyrimidine, 

b.p.oo I20°-I2r)°, from trimethylene diamine with acetic acid, ay/i- 
Trimethyl tetrahydro-pyrimidine, c^s-form m.p. 73°, ^mns-formm.p. 102®, 
from the two forms of ay-diamino-butanc with acetic acid (B. 32 , 11913 
36 , 334) . /i*Phenyltetrahydro-pyrimidine from trimethylene bromide and 
benzamidine (B. 26 , 2122). /z-Phenyl-j^-ketotetrahydropyrimidine, m.p. 
91°, from di amino- acetone and benzoyl-chloride (B. 25 , 1564; 27 , 277). 

a, y, 7 - Trimethyl - /i - ketotetrahydropyrimidine, c 

m.p. 194°, from the urea derivative of diacetoneamine, NH2- 
C0NHC(CH,)2.CH.,C0CH3 (B. 32 , 3156). 

iV-Diphenyl-hexahydro-pyrimidine, CH,N,(C„H,),(CH.J3, m.p. 87°, 
from trimethylene-dianiline with formaldcliyde (B. 32 , 2253). 

The de.smotropic forms of mono-, di-, and trioxy-pyrimidines, 
amino - pyrimidine, and amino-oxy-pyriinidine are keto- and amino- 
derivatives of di-, tetra-, and hexahydro-pyrirni dines. 

Purine and its derivatives contain, as already mentioned, a twin 
ring of pyrimidine and glyoxaline. The purines have mostly been 
built up out of aj^?-diamino- or oxy-amino-pyrimidines (see above). 

A similar hetero-twin ring is contained in the so-called alloxazines 
(B. 32 , 1650, etc.), resulting from alloxan and o-phenylene diamines 
(B. 32 , 1650, etc.) : 

N -Cli— C — , K CO— C =Nn^ 

Cll - N— C— N CO — NH— C - * 

Purine. Alloxazme. 

Twin-ring combinations of pyrimidine with sym-triazole and tetra- 
zole have been obtained by the condensation of C-amino- triazole and 
C-aminotetrazole with 1,3-dikctoncs or ^1-ketonc carboxylic esters 
(B. 42 , 4429, 4638) : 

CH3.C N CH=N\^ Cll3.C'=----‘N C11=N\ 

CII : C(CH3).N— CH/'^ CH : C(CH3).N-~ -N/^' 

Dimethyl- tnazo-pynmidine. Dirncthyl-tetrazoto-pyrunidmc. 

II. Quinazolines. — The benzometadiazines or benzop^Timidines are 
the quinazolines, sometimes called phenomiazines. They are mctameric, 
on the one hand, with the phthalazines and the cinnolines, and, upon the 
other, with the quinoxalines. They may also be viewed as derivatives 
of the quinolines or zsoquinolines by the substitution of an azo-ring: 
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Quinazolines are produced when the acidyl compounds of o-amino- 
benzaldehyde or of o-amino-benzoketones are treated with alcoholic 
ammonia (B. 28, 279) : 


.Clio 


,CH==N 




NH.COCH^ 

o- Ace tamidobeuznldchyde. 


+ NHa > CeH,< | 

^N— -C( 


CHa 

a>Methyl quiaazoline. 


Quinazolines are also produced from the dihydroquinazolines by 
oxidation with potassium ferricyanide (B. 36 , 810). 

The quinazolines are stable tertiary bases which distil without decom- 
position. They take up alkyl iodides. Sodium and alcohol reduce them 
to dihydroquinazolines (B. 26 , 1385). Chromic acid in glacial acetic acid 
oxidizes the quinazolines, in which the CH-group adjacent to the benzene 
nucleus is free, to ketodihydroquinazolines (or oxyquinazolines, etc.). 
rCH=N 

Quinazoline, CaH J 1 , m.p. 48*^, b.p. 243°, from dihydro- 

[ N--CH 

quinazoline with potassium ferricyanide, and from the condensation 
product of o-iiitro-benzaldehyde with formamidc by reduction with 
zinc dust and acetic acid (C. 1906, II. 1372). It combines with methyl 
iodide; the iodo-methylate with KHO gives iV-methyl-quinazolinium 
hydroxide, C 8 H 7 N 2 (CH 3 )(OH), m.p. 164°, which, on distillation with 
KHO, is split up into formic acid and o-amino-hcnzaldehyde-methylimine, 
NH2C8H4CH : NCH3 (B. 37 , 3650). KMn04 mainly oxidizes quinazoline 
to pyrimidine-^, ^-dicarboxylic acid (B. 37 , 3646). 

a-Methylquinazoline, CgH5(CH3)N2, melts at 35° and boils at 238°; 
from o-acetamino-benzaldehyde or a-methyl-dihydro~ quinazoline (B. 36 , 
810). a,j5-Dimethylquinazoline is an oil boiling at 249°. It is formed 
when ammonia acts upon o-acetaminoacetophenone. a-Phenyl-quin- 
azoline, C8H5(C8H5)N2, melting at 101° and boiling above 300*^, results 
when'ammonia acts upon o-benzoylaminobenzaldehyde, as well as from 
o-aminobenzyl-benzamide instead of the expected dihydro-derivative. 
a-Methyl-^-phenylquinazoline, C8ll4(CH3)(C8H5)N2, melts at 48°. It 
is obtained from o-acetamino-benzophenone. Chromic acid oxidizes 
it to i^-phenyl-quinazoline-a-carboxylic acid. 

Keto-hydro-quinazolines and PCI5 yield chloro-quinazolines. a- and 
/9-Chloro-quinazolines, melting at 108® and 96®, are obtained from a- 
and ^-quinazolones. a-Chloro-i^-phenylqumazolme, melting at 113®, 
is made from phenyl-a-quinazolone (B. 29, 1310). a, /^-Dichloro- 
quinazoline, melting at 115®, is obtained from benzoylene urea. 

Dihydro-quinazolines, containing the same atomic grouping, 

— 

^ anhydro-bases of the o-phenylenediamines, the 

benziminazoles, are to be regarded as the ring homologues of the latter 
— as anhydro-bases of the o-aminobenzylamines. They result by the 
elimination of water from the acidyl compounds of o-aminobenzyl- 
amine and its substitution products (B. 24 , 3096; 25 , 3037; 27 , R. 74; 
29 , R. 1131; 37 , 
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The reaction proceeds the same if the acidyl group replaces the 
aromatic NH2 residue. Further, the o-amino-benzyl-acidylamines 
can rearrange themselves to o-acidylamino-benzylamines (B. 26 , 1891, 
R. 374). The same anhydro-bases may also be obtained by reducing 
the corresponding o-nitro-benzylamine compounds. 

The dihydro-quinazolines are rather strong bases, forming stable, 
salts. Free imine hydrogen in them is readily replaced by alkyls. 
Like the quinazolines, they yield keto-dihydro-quinazolines upon oxi- 
dation. They decompose upon distillation with zinc-dust. Sodium 
and alcohol reduce them to tetrahydro-quinazolines. It may be noted 
that three isomeric, hydrogenized dihydro-compounds are possible 
from each C-alkylquinazoline : 


1. 


yCH,- 

- 


-NH 

I . 

CR 


/Clla— N 

il. II . 

^NH— €R 


.CH=N 

III. I 

^NII— CHR 


whicli, adopting the nomenclature of the hydrobenzenes, might be 
distinguished by the prefixes A,, and A^. Of the dihydro-quinazo- 
lines, only A^-diliydro-quinazolinc is known. 

^ Nil 

Ai-Dihydro-guinazoline, c«ii4<( | , melting at 127°, results 


from the reduction of o-nitrobenzyl formamide (B. 24 , 3097); from 
heating o-benzylene diamine with formic acid (B. 37, 3645) ; and from 
the reduction of a- and ^ 3 -chloro-quinazoline and a^-dichloro-quinazoline 
with glacial acetic HI acid (B. 38, 3559) • -ZV-Methyldihydroquinazoline, 
m.p. 92°, b.p. 309®, from o-amino-benzyl-methylarnine with formic acid. 

A( 3 )-Phenyldihydroquinazoline, C8H7(CgH5)N2, melting at 95°, is 
prepared from o-nitrobenzyl formanilide. Under the name of orep(;in 
it has been recommended as a stomachic. 

a-Methyldihydroquinazoline, C8H7(CH3)N2, is obtained from 0- 
aminobenzylacetamide. /j^-Phenyldihydroquinazoline, melting at 166°, 
is produced by reducing a-chloro-i^-phenylquinazoline (B. 29 , 1310). 

P(^)-Kelo-dihydro-quinazolines, p-qtiinazolones, are formed, just like 
the dihydro-quinazolines, from the acidyl derivatives of o-aminobenz- 
amide : 


.CO— NHjj XO 

or 


‘'^NH.COCHj 


Nil 
•Nllj COCH, 




CO— NH 


C.CH. 


• Analogous products are obtained on heating acidyl derivatives 
of anthranilic ester with ammonia or with primary amines, or from 
anthranilic acid and the amides of fatty acids (C. 1903, I. 1270; 1911, 
I. 561; B. 27 , R. 516; 28 , R. 783), ^-Keto-dihydro-quinazolines, as 
mentioned, are produced, in addition to these synthetic methods, by 
oxidizing quinazolines and dihydro-quinazolines. 

a{ 2 )-Keto-dihydro-quinazolines, a-quinazolones, are produced when 
o-amino-benzaldehydes and -benzene ketones are heated with urea 
B. 29 , 1300) : 


.Clio NH-a 
CoHi< + I • 

^NHa CO— NHg 


XH=N 
-> CeH/ I 

^NH— CO 
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The quinazolones possess both feeble phenol and basic characters, 
hence can also be regarded as hydroxyqiiiiiazolines. They combine 
with alkyl iodides to iV-alkyl derivatives of the keto-form. The 
isomeric alkoxyqttinazolines are obtained from the chloroquinazolines, 
/?-Ketodihydroquinazoline, ^•hydroxyquinazoline, CgHgONg, mclt- 
"ing at 214°, is produced from anthranilic acid and forrnamide (J. pr. 
Ch. [2], 43 , 215; 51 , 564). Methyl iodide converts it into A'-methyl- 
ketodihydroquinazoline, C8H5ON2.CH3, melting at 71°. 

a-Methyl-/?-ketodihydroquinazoline, mellmg at 232'’, is obtained 
from o-acetaminobenzamide or o-aminobenzoylacctaniide (sec above), 
and also in the oxidation of a-methylquinazoline (B. 28 , 279). a- 
Phenyl-/i-ketodihydroquinazoline, C8H5(C8H5)NO.,, melting at 236°, is 
made from phcnylquinazoline or o-benzoylaminobenzamide. A-Phenyl- 
/ 5 -ketodihydroquinazoline, melting at 139^', is obtained by oxidizing 
A-phenyldihydro-quinazoline (B. 24 , 3055; see also B. 28 , 279; C< 
1911, I. 326; C. 1906, 11 . 1124; C. 1899, I. 847). 

a-Ketodihydroquinazoline, a-Quinazolone, is formed from o-amino- 
bcnzaldehydc and urea, as well as by oxidizing benzylcnc-v^-thiourca 
with Ba(Mn04)2. //-Phcnyl-a-ketodihydroquinazoline, melting at 251°, 
is prepared from o-aminobenzophenone and urea (B. 29 , 1310). 

/^^-Ketodihydroquinazoline-a-carboxylic acid, m.p. 230°, by trans- 
position of cyanoxanilic acid, or action ol alcoholic NH.j upon cthoxalyl- 
anthraiiil. its nitrile, dicyanamino-benzoyl, by the action of cy anogen 
upon aqueous anthranilic acid (B. 42 , 3713; C. 1910, 1 . 74cS). 

T eirahydYo-qxtinazolincs are produced by the reduction of quin azo- 
lines, dihydro-quinazolines, and thio-tetrahydro^quinazolnies. They 
also result in the condensation of o-aminobenzylamines with aldehydes 
(J. pr, Ch. [2], 63 , 414; 55 , 356). They may be readily decomposed 
into benzene ortho-derivatives. 

.CH2— is’ll 

Tetrahydroquinazoline, CeH4< | , is amorphous, and results 

''InUI— CH g 

from the interaction of o-aminobenzylamine and formaldehyde, or 
from dihydro-quinazoline by reduction with Na amedgam (B. 36 , 811), 
^^(3)-Ptenyltetrahydroquinazoline, CgH4(C2H5N .CgH^), melting at 119°, 
is derived from o-aminobenzylaniline and formaldehyde, also from 
phenyldihydro- and phcnylthiotctrahydro-quinazoline (B. 25 , 2858). 
a-Phenyltetrahydroquinazoline melts at 100'' (B. 25 , 3033)- See B. 29 , 
1308, for i^-Phenyltetrahydroquinazoline. iV-Dibenzoyl-a,/i-dimethyl 
tetrahydroquinazoline, C8H8(CH3)2N2(COC6H5)2, melts at iss"" (B. 26 , 

1385)- 

a-Keto- and thio4etrahydro-quinazolines correspond to the cyclic 
phenylene ureas and -thioureas. They are, like these, produced when 
COClg or CS2 acts upon o-amino-benzylamines, or by the exit of NH3 
or amine from the urea derivatives of the o-aminobcnzylainines (B. 25 , 
2856; 27 , R. 74, etc.): 


^CH,-NHCeH5 /CH,-NC,H, /Ciq-N.C^H* 

'NU—CO.NHCeHfi^^ * CONHCeHg ® *\nH— CO 

cSj ■ ■ -> Cjjiq'v I 

\\ir, XNn~cs 


(+ NH,C,IU) 



META-DIAZINES 


281 


Diketo-tetahydro-quinazolines are similarly produced from the 0- 
amino-benzamidcs by means of COClg, ClCOgR, etc., or from urea * 
derivatives of o-amino-benzamide or of the anthranilic acids : 


XONHa 

C,H^( +COCI2 > 

Xxila 


CflH 


^CO— Nil 
*\Nn— CO 


Keto- and thio-tctrahydro-qiiinazolincs are indifferent bodies. 
Mention has already been made of their formation from benzometoxa- 
zinc derivatives, theimino- and thio-cumazones, by heating them with 
aromatic amines. Oxidants convert them into diketo-tetrahydro-quin- 
azolincs, which also result from the oxidation of imino-cumazones (B. 27 , 
2420). The diketo'tctraliydro'quinazolincs possess acid properties and 
dissolve only in alkalies. PCI5 converts them into dichloro-qidnazolines. 

A^( 3 )-Phenyl-a-ketotetrahydroquinazoline, CaH7 . ONg . CgHg, melts 
at 189“ (B. 27 , 74). /?-Phenyl-a-ketotetrahydroquinazoline, melting at 
193°, is obtained from o-aminobenzohydrol and urea, as well as from 
the corresponding ])lienylthiotetrahydroquinazoline. The latter is 
brominated, and the bromdihydrophenylquinazoline is then converted 
by soda into ketoqninazoline (B. 29 , 1307). 

«-Thiotetrahydroquinazoline, CalIgSN.,, melts at 211°. A^-Phenyl-a- 
thiotetrahydroquinazoline, Cyll7SN2.CgH5, melts at 260° (B. 27 , 2432). 
/9-Phenyi-c4-thiotetrahydroqumazoline, melting at 230°, is obtained from 
o-aminobenzohydrol and hydrosulphocyanic acid (B. 29 , 1305). 

Diketotetrahydroquinazoline, Benzoyleneurea, CgH4(C202N2H2), 
melts above 360° and sublimes. xV-Phenyldiketotetrahydroquinazo- 
line, CgH4(C20.,NHC(.H5), melts at 272“ (B. 27 , 974, 2410, R. 392; 
compare also B. 30 , 1682). 

a-Thio-i^-ketotetrahydroquinazoline, CgH,i(C20SN2H2), melting at 
284^", is prepared from anthranilic ester and hydrosulphocyanic acid 
(B. 30 , 1098; C. 1897, 1 . 592). * 

A constitution analogous to that of quinazoline is possessed by the 
so-called copazoliiiG, which contains the pyridine ring instead of the 
benzo-iing. Derivatives of copazoline are formed from fi-amino-fso- 
nicotinic acid, which yields hydroxycopazoline with formamide and 
dihydroxycopazoline with urea: 


MCOOHNIla fCO.NII fCOOH NH^ fCO . NH 

+ I-CJI3N] 1 .c^ibn] +1 -C 5 H 3 N 4 

[/i]NiB coH [n-ch iNH., CONH2 Ink. CO 


With PCI5, oxy-copazoline gives chlorocopazoline, C 5 H 3 N(C 2 N 2 HCl), 
m.p. 1 12°, which is reduced by HI to dihydrocopazoline, C5H3N(Cj,N2H4), 
m.p. 145° (B. 35 , 2831). 

Compounds due to the attachment of a pyrimidine ring at the peri ” 
position of the naphthalene ring are called perimidines. They corre- 
spond to the benzi min azoles, and, like these, are formed by the conden- 
sation of 1,8-naphthylenc diamine with carboxylic acids (A. 366 , 53); 
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Perimidine forms green crystals of m.p. about 220°. Similar com- 
pounds of the anthracene series have been obtained from a-amino- 
anthraquinone by transposition with urethane, formamide, etc. 


c. 


PARADIAZINES, 


(7)C~N-C(i8) 
(a)C— N— C(a)’ 


I. Paradiazines are the pyrazines, or piazines, which can be regarded 
as pyridines, the methine group of which is substituted in the y-position 
by N. It has, however, been suggested that there is a " para-union ” 
of the two N-atoms in the pyrazines, agreeing with the formula 

Pyrazines are formed (i) by condensing two molecules of a-amino- 
aldehydes and a-aminoketones. In this case there is a condensation* 
of two molecules with expulsion of water, forming dihydro-pyrazines, 
which are oxidized in air to pyrazines (compare B. 41 , 1128): 


QHj.CO ^.inoCeH^.C- N— CHa ^ CeH^.C N=CH 

2 1 I I II I 

CHj— NHa CHj— N-C.Callj CH— N-CX^Hj 

On account of their relations with a-amino-aldehydes and ketones, 
the pyrazines are also called “ aldincs or “ ke tines.” 

Instead of isolating the amino-ketones, the solution of them obtained 
in the reduction of zsonitroso-ketones can be distilled with the addition 
of HgClg as an oxidizing agent (B, 26, 1832, 2207). 

V (2) The synthesis of pyrazines from a-chloro- or bromoketo-com- 
pounds and ammonia also depends upon the intermediate formation 
of a-aminoketones. Thus, jS-bromlsevulinic acid and ammonia yield 
tctramethyl-pyrazine, with the evolution of carbon dioxide: 

CHg.CO ^ CHg.C— N— C--CH3 

2 I II I II 

COOH.CH2.CHBr CHa.C— N—C— CH3 

(3) Pyrazine-o-dicarboxylic acids have also been obtained by oxida- 
tive disintegration of quinoxaline and its homologues by means of 
KMnO^ (B. 40 , 4850): 

rN=--CH CO2H.C— NrrCH 

In=CH C02H.C-~N=:CH 

Pyrazines occur also in the fermentation products of sugar. Thus, 
a,y-dimethyl- and trimethyl-pyrazine have been isolated from fusel oil. 
Pyrazines also result in the action of ammonia upon grape-sugar. 
In this instance the products are pyrazine, methyl-, and dimethyl 
P5rrazines (B. 30 , 224; J. pr. Ch. [2], 54 , 481). 

The pyrazines are feeble bases, which give a neutral reaction with 
litmus. They form readily dissociated salts with acids. Like the 
pyridines, they form characteristic compounds with njetallic salts — e.g,, 
, mercuric chloride, auric chloride, etc. 
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Sodium reduces the pyrazines to piperazines orhexahydropyr^ines 
corresponding to the piperidines. Potassium permanganate oxidizes • 
alkylic pyrazines to pyrazine carboxylic acids, wliich part with carbon 
dioxide very readily. 

CH— N— CH CH-N— CH ^ j u -r 

Pyrazine, II 1 h or | II , melting at 55 and boiling, 

CH— N— CH CH-=N— CH 

at 115^^ (B. 27 , R. 396), is a substance smelling like heli’otrope 
and subliming at the ordinary temperature. It is produced when 
aminoacetaldehyde or aminoacetal (I. 339) is distilled with a sublimate 
solution, Jilso by eliminating carbon dioxide from the pyrazine car- 
boxylic acids, and upon distilling piperazine with zinc-dust (B. 26 , 

1^- 441)- 

Methylpyrazine, C4H3(CH3)N2, boiling at 135°, is obtained from its 
carboxylic acid ( 13 , 28 , R. 551), and constitutes the chief constituent 
^of the bases produced in the action of ammonia upon grape-sugar. 
a/?-Dimethylpyrazine, from diacetyl and ethylene diamine, and from 
its dicar boxy lie acid (see below) (B. 40, 4 ^ 55 )- u, y-Dimethylpyrazine, 
Ketine, is an oil boiling at 153^ It is formed in the 

reduction of n'onitrosoacctone, and, together with pyridine bases and 
other alkylic pyrazines — e.g., a,y,5-methyldiethylpyrazine, b.p. 179 
(B. 24, 4105; 26 , R. 442)— upon distilling glycerol with ammonium 
salts. 

a,5.Dimethyipyrazine melts at 48"" and boils at 155° (J. pr. Ch. 
[2], 54, 492) . Trimethylpyrazine, boiling at 172°, is produced on heating 
the bromomethylate of a,y-dimethylpyrazine (B. 29 , R. 980). Tetra- 
methylpyrazine, C4(CH3)4N2( + 3H20), melts at 86° (75°) and boils at 
190°. It is produced when ammonia acts upon ^-bromolaevulinic acid 
(1. 423), or by reducing ^-isonitroso-laevulinic acid (B. 25 , 1723)- 

The methyl-pyrazines, like pi coline and quinaldine, can condense 
with benzaldehyde or chloral with expulsion of water — (C4H2N2)- 
[ay](CH : CHC«H5)2 ( 13 . 38 , 3724)- 

a,y-Diphenylp:^azine, C4(CftH5)2H2N2, melting at 196 °, results from 
w-amino-acetophenone, and from iV-dibenzyldihydro-a,y-diphenyl- 

pyrazine,C,H7N<^(!^«i^(5|^^J^^>NC7H7^ by the loss of toluene (B. 27 , 

R. 135). The isomeric a,5-diphenylp3rrazine, melting at 89°* is similarly 
formed from iV-bcnzyl-dihydro-a, 5 -diphenylpyrazine (see below) byn 
the splitting off of toluene, a, y-Diphenyl-dimethylpyrazine, 04(0^115)2- 
(CH3)2N2, melting at 126°, is prepared from isonitroso-phenylacetone 
(B. 29 , R. 548), and from its dihydro-compounds (B. 41 , 1150). 

Tetraphenylpyrazine, Teiraphenylaldine, 04(0gH5)4N2, melting at 
246°, is made by reducing the benzil monoximes or dioximes (B. 27 , 


Pyrazine monocarboxylic acid, melting with decomposition at 230 , 
pyrazine ay-dicarboxylic acid, 04H2(0OOH)2N2(-i-2H2O), melting at 
256°, and pyrazine tetracarboxylic acid, 04(00011)4^2, melting at 205 , 
etc., result upon oxidizing the methylated pyrazines with potassium 
permanganate. Pyrazine-ai3-dicarboxylic acid, m.p. 193^ with dec., 
and dimethylpyrazin^-ajff-dicarboxyUc acid, m.p. 200° with dec., from 
quinoxaline and dimethyl-qufnoxaline respectively by oxidation (B. 40 , 
4850). Consult B. 26 , R. 442, for other pyrazine carboxylic acids. 
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Dihydro-pyrazines, containing two imine group^s, are prepared, 
together with the isomeric indoles, in the action of anilines upon a- 
alkylaminoketone derivatives, RHNCHg.CO — , or from a-brom- 
ketones and primary amines. 

iV-Diphenyl sulphonedihydropyrazine» CeH^sOaN < >NS02C5n5. 

melting at 163°, is obtained from benzenesulphaminoacetal (B. 26, 
98). Ar-Diphenyl-dihydro-a, y-diphenylpyrazine, C4H2(CfiH5)2(N . C6H5)2, 
melting at 181°, is formed from aniline and phenacyl bromide (p. 248). 
Different dihydro-pyrazine derivatives, like iV-dibenzyl-a,y-diphenyl- 
dihydropyrazine, melting at 163°, iV-benzyl-a,S.diphenyl-dihydropyra- 
zine, etc., are produced by the condensation of amines and phenacyl 
bromide (B. 27, R. 134). 

ay-Dihydro-pyrazines are the primary condensation products of the 
a-amino-aldehydcs and a- amino-ketones. On heating with mineral 
acids they are split up to form the original bodies. Oxidation, even in'* 
air only, converts them into the corresponding pyrazincs (B. 41, 1128). 

a,y-Diphenyl-/?,5-dihydropyrazine, yellow 

flakes, m.p. 116°, from w-aminoacetophenone. ay-Diphenyl-/?5- 
dimethyl*/^^-dihydropyrazine (2), from a-amino-propriophenone (i), is 
split up by hydrolysis with liCl principally into the hydrochloride of 
a-amino-a-phenylacctone (3), which, precipitated from its salt by alka- 
lies, condenses into a,y-diphenyl-//,o-dimethyl-a,y-dihydropyrazine (4): 

(I) (-) ( 3 ) (4) 

C^Hg.CO Cttllg.C ; N .CH.CIT3 li.NH, ('J 4 .CH .K :C .CJ la 

CII3.CII.NII2 ^ CHg.CH.N.C.CoIlg ' CH3CO ^ CII3.C : N .CII.CoHg 

On oxidation, both isomeric dihydro-pyra/ines form the same di- 
pheijyl-dimethyl-pyrazine (sec above). 

a^-Dihydro-pyrazines are formed from 1,2-diketones with ethylene 
diamine (B. 22, 346 ; 26, R. 1009) : 

CHa— NH2 COCeHg ^ CII2— N-C.CeHg 

CHj— NHj ''' COC.H, N = C.C,H8 

a,^-Dix4Jcuyl-y,S-clihydro-pyrazine. 

A CMo— N(Cflllg)— CH 

iV,iV.«.Triphenyl.tetrahydro-pyrazine, ch,-n(c,)Ij-cc.h/ 

131°, is formed similarly from ethylene diphenyl diamine with phenacyl 
bromide (B. 26, R. 93), and the isomeric A/^a/l-triphenyl tetrahydro- 
pyrazine from ethylene -phenyl-diamine and benzoin (B. 31, 1582); 
compare also the condensation of ethylene-diamine with ketipinic 
acid ester (C. 1900, II. 175). 

a, y-Diphenyl- /?-keto-/5/, ZV-dihydro-pyrazine, cjig . . CgH g. 

m.p. 197°, is formed by the action of gaseous HCl upon an etheric 
solution of benzaldehydc cyanohydrin. Distillation with zinc-dust 
converts it into ay-diphenylpyrazine, and heating with HI and phos- 
phorus into ay-diphenyl-id,iV-dihydropyr^^ine, .c^h^. 

^ m.p. 164° (C. 1903, IL 236; 1909, 1. 1990). 
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Hexahydro-pyrazines, piperazines, have already been discussed (in 
Vol. I.) as cyclic dialkylene-imides. In addition to the synthetic 
methods given there, the piperazines are also prepared by the reduction 
of the pyrazines with sodium and alcohol (B. 20 , 724). 

C-Methylpiperazine, CJI#(CHj)N2, boils at 155“. a.y-Dimethyl- 
piperazine is also formed from lactimide (dimethyl diacipiperazine) by. 
reduction with Na and alcohol (C. 1902, I. 631). 

Di- and poly-alkylic piperazines occur each in two stereoisomeric 
forms: Di-, Tri-, Tetramethyl-piperazinc (see J. pr. Ch. [2], 56 , 49). 
iV-Dinitropiperazine, N02.N[CH2.CH2]2N.N02, m.p. 215°, is formed 
from iV-diphenyl sulphone piperazine with fuming nitric acid (C. 1909, 1 . 

/CH,— CH,\ 

1579). Consult B. 29 , R. 384, for methylene piperazine, n ch, n{?), 

, . . . . , \cH,-cn,/ 

made Irom piperazine and formaldehyde. 


melting at 163°, 


AT . CHo~N(CJ[,)— CTIa 

iV-Diphenylpiperazine, | I , 

CH2~N(C,H,)--Cll2 
results from the interaction of ethylene bromide and aniline (B. 22 , 
1777). A/'-Dibenzylpiperazine, melting at 92^", is also produced when 
caustic potash acts upon bromethylbenzy] amine. 

Ihe cyclic amino acid anhydrides are a.y-diketo-piperazines. They 
have already received consideration (Vol. 1 .) after the a-amino- 
carboxylic acids. Diphenyldiketopiperazine, diphcnyhliacipiperazine, 
CH2— N(C«H5)— CO 

I I , is formed from anilinoacetic acid. Consult B. 25 , 

CO ~N(CoH 3 )— CH2 


2919, 3275, etc., for stereoisomeric diacipiperazines. 

a,P-DiketO'piperazincs are produced in the condensation of oxalic 
acid with derivatives of ethylene diamine (B. 23 , 2028) : 


Cria— NHCflHa COOtl CU^~^(C^U,)~-CO • 

I + I > I I 

ClI.—NHCoHs COOH CH3— N(C«H,)— CO 

iV-Dipln‘nyl-a,^-dikcto*pipcr.izuic. 

Chromic acid oxidizes thisdiketopiperazine to a tetraketopiperazine. 

NR CO CO 

The simplest tetraketopiperazine, ^ has been obtained 

• CO.CO.iSR 

by the action of sodium alcoholate upon oxaminic acid ester (C. 1909, 
I. 1892). 


II. BENZOPARADIAZINES, 


N 

/\/\ 

CH(a) 

CH(/?) 

\/\/ 

N 

Quinoxaline. 


Quinoxalinei^ — The quiivDxalines, just like the benziminazoles, are 
condensation products of o-diainines. They result: 
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I. By the condensation of o-phenylene-diamines with glyoxal and 
1,2-diketone compounds (Hinsberg, A. 237, 327): 




,NHa 

NHa 


COH 

+ I — 
COH 




N=CH 

I 

N=CH 


Similarly, benzil yields a,j5-diphenyl-qiiinoxaline; dioxy-tartaric 
acid, a,j9-quinoxaline dicarboxylic acid, etc. The reactions are very 
complete, even at low temperatures. 

a-Ketone cafboxylic acids — e.g., pyroracemic acid and mesoxalic 
acid — become oxyquinoxalines, while oxalic acid yields dioxy^quinoxa- 
lines (B. 30, 768) : 


,NH, OC.CH, 
C.H.< + 1 

^NH, OC.OH 

.N-CCH» 

> C,H4< I 

\N=C0H 

N=- — CCH, 
or C,H / 1 

^NH— CO 

,NHj OC.OH 
'C.H,< + 1 

\NH, OC.OH 

/N:^COH 

> C.H / 1 

\N-COH 

.NH— CO 
or c,n / 1 

\NH— CO 


The o-naphthylene-diamines react like the o-phenylene-diamines, 
forming naphiho-quinoxalines. The tetra- amino-benzenes yield benzo- 
diparadiazines. 

<J 2, a-Chloro-keto-compounds, a-aldehyde alcohols, and a-ketone 
alcohols — e.g,, benzoin, furoin, arabinosc, and glucose — condense 
with o-phenylene-diamines. Water and hydrogen are eliminated and 
quinoxdines remain : 


CeH 


/NH, 




CICH, 

OCCH3 


.N=CH 

-> Cell/ I (H2O I-HCI + H2); 
\N=CCH, 


with mono-alkylic o-phenylene-diamincs, on the other hand, the 
products are dihydro-quinoxalincs, which ferric chloride oxidizes to 
azonium salts of the quinoxalines (B. 24, 719, 1875 ; 25, 1627) : 

/NH, OC.C,H. /N- . -- C(C.H,) o C,H,C C.C,H. 

\NHCeH5 OH.CH.CjHb • \N(C*H5)~CH(CeH5) N.Can 4 NCI(CoH 6 ) 

o-Amino-di- Benzoin. iV-oi,^-Triphenyl dihydro- Tnphenyl-quinoxalinium 

phenyl-amine. quinoxaJine, Chloride. 


The azonium salts are immediately produced by the‘ action of 
mono-alkylic or phenylated o-diamines upon 1,2-diketones (B. 26, 
1010; 27, 2355; 31, 2425; 32, 1042). The bases corresponding, 
to these salts are very unstable, as they change to pseudo-bases, 

generated by acids (see the analogous behaviour of the alkyl-quino- 
Unium hydroxides). 

3. o-Nitrophenyl a-amino-fatty acids, when reduced, yield hydroxy- 
dihydro-quinoxalines, which are also obtained from o-phenylene-dia- 
mines and a-haloid fatty acids (A. 292, 250) : 


c*h/ I 

^NO, COOH 
a^Nlhrophenyl Glycocoll. 


/NP— CHa 

-> *0,11 / J 

^N- COH 

a- Hydroxy-dibydro-quinox aline. 
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'*^ 4. o-Phenylene-diamines condense with , cyanogen to diamino- 
quinoxalines, which dilute hydrochloric acid changes to dihydroxy- 
quinoxalines : 




/NH, 


CN 




NHa CN 


/N^CNHa 
-> CeH,/ 

^N=( 


=CNH, 


N=COH 


-> C«H-/ 


5. The condensation of o-nitroso-phenols with acetaldehyde and 
ammonia or primary amines produces hydroxy-dihydro-quinoxalines 
and keto-tetrahydro-quinoxalines respectively (B. 42 , 574; C. 1908, 1 . 
1589; 1911, I. 178): 


.NO CH3 /NH—CHj 

C,oHe< . > C,oH / 

^OH NHjR CHO \NR—CO 


6. Tetrahydro-quinoxalines are produced in the condensation of 
dihydric phenols with alkylenediamincs: 


.OH HaN— CHa 

CcH^/ + I 

^0?I HaN—CHa 


■> CJh 


^NH— CII 
'^NH— CH 


2 

2 


Behaviour , — The quinoxalines arc feeble monacid bases. Their 
odour resembles that of quinoline or piperidine. They are readily 
soluble in alcohol and ether, and more sparingly soluble in hot than in 
cold water. They are stable in the presence of oxidizing agents, 
while reducing agents convert them into hydroquinoxalines. 

Quinoxaline, CgHgNg, is obtained from o-phenylene-diamine and 
glyoxal bisulphite. It melts at 27° and boils at 229°. Its iodo- 
methylate melts with decomposition at 175®. 

Toluquinoxaline, CH3CgHg[N2C2H2], b.p. 245°, from toluylene-o- 
diamine. a/?-Dimethylquinoxaline, C3H4[N2Co(CH3)2], m.p. io6®, and 
a,/ 9 -Dimethyl-toluqainoxaline, CH3C«H3[N 202(0113)2], m.p. 54'", b.p. 
270°, from phenylene and toluylenc diamine respectively with diacetyl. 
a-tsoPropyl-quinoxaline, b.p. 270®, by condensation of o-phenylene 
diamine with y-bromo-aa-dimethyl aceto-acetic ester and subsequent 
heating with HOI (B. 32 , 1209). Phenylquinoxaline, 08 H 5 N 2 ( 0 eH 5 ), 
m.p. 78°, by the condensation of o-phenylene-di amine with isonitroso- 
acetophenone and by disintegration of a^-naphtho*phenazine (B. 89 , 
2238). Similarly, a- and j?-phenyl-naphtho-quinoxaline, m.p. 153® and 
rr63® respectively, have been obtained from isonitrosoacetophenone 
and ajS-naphthylcne diamine, as well as the decomposition of the two 
ai?-naphthazines (B. 41 , 2350). 

a,^-Diphenylqainoxaline, 08H4N2(0gH5)2, melts at 124° (B, 27 , 2181). 

B2r-Chloroxy-a,i?-idiphenylquinox^ne has been recommended as an 
indicator in alkalimetry under the name of luteol (B. 28 , R. 628). 

Oxyquinoxaline, 0flH4[N20aH(OH)], melting at 265°, is made from 
its carboxylic acid (see below). 

a«Metl]^l-i?-oxytoluqiiinoxaline, 0H30eH3[N202(0H3)(OH)], melting 
at 220®, and a-Pheny^-i^-oxy-tolaquinoxaJine, 0H30gH3[N202(0flH6)(OH)], 
melting at 196®, ^ire prepared from toluylenediamine with pyroracemic 
acid and phenylglyoxylic acid. They are soluble both in alkalies and 



288 


ORGANIC CHEMISTRY 


in acids. The solutions of the first are colourless, and those of the 
second yellow in colour. a,/?-Dioxyauinoxaline, CfiH4[N2C2Ha02], 
'from o-phenylenediamine and oxalic acid, or a,,^^diaminoquinoxaline 
(see above) by means of hydrochloric acid is converted by PCI5 into 
a,) 9 -dichloroquinoxaline, melting at 150®. When the latter is digested 
with o-phenylenediaminc a condensation results, the solutions of which 
are yellow in colour and exhibit an intense yellow-green fluorescence. 
This fact has given it the name fluoflavine, : (N^CgHo) : CgH4, 
melting at 360''. It loses two hydrogen atoms when it is oxidized, 
and becomes quinoxalophenazine, CgH^: (N4C2) : CflH4 (B. 29 , 784) ; 


.N=CC1 Nllg. 

+ \c«H 




N=CCl NH, 




.N-C-NH. 

I VeH,- 


/N-C~'N. 

^N-C-N/ 


a)$-Diaminoquinoxaline, from o-phcnylcuc-diamine and cyanogen 
gas in methyl alcoholic solution, condenses with o-diketoncs like 
benzil and phenanthrene-quinone, with pyro-raccniic acid, and with 
oxalic acid, thus resembling the o-phenylene-diamines, all forming 
polycyclic nuclei; with a/J-dichloro-quinoxaline it forms the so-called 
JiuoYuhine : 


N=.C-N=^CC„Ti5 /N = .C-N^COir | N --C -NIF-C 

N=C-N^CCflH5’ ® Hn- c- N-con’ M n-c-nii-c-n/ “ * 


a, / 1 -Dioxy-naphtho-quinoxaline, Naphih ylcnc Oxamide, 1 ^- 
(N2C2O2H2) (B. 30 , 77 ^)- 

a,/l-Quinoxalinedicarboxylic Acid, C«Ll4[NoCo(COOH)2]( f-2H20), 

from dioxytartaric acid and o-phenyleiicdiamine, melts at 190° with de- 

- N ■ e — cOv 

composition (B. 27 , 2185), It forms an anhydride, ^ ^ 

meltii-ig at 251°. Ammonia converts the latter into qiiinoxaline 
dicarbonamic acid, which with bromine and ciiustic potasli yields 

a-aminoquinoxaline-/l-carboxylic acid, C«lIj[NX2(NH2)(COOH)], melt- 
ing with decomposition at 210° (B. 28 , 1657). 

a-Oxyquinoxaline-/l-carboxylic Acid, C^dl 4[N2C2(OH)(COOH)] melt- 
ing at 265° with decomposition, is produced by saponifying the acid 
ureide produced in the interaction of alloxan and o-phenylenediamine 
(A. 292 , 248). 

oi^-Quinoxaline diacetic ester, C«H4N2(CH2C02C2H5)2, m.p. 58°, 
from o-phcnylenedi amine and ketipinic acid ester, is condensed by 
Na ethylate to phenocyc/opentanoncazine carboxylic ester (C. 1901, 

n. 539): 


* *\N = C.CHj.CO,K 


/N=C— CIT,\ 

-> C.HiC . >CO 

‘ *\N-.C— CO.R. 


Hydroquinoxalines . — The A’,a-dihydroqmnoxalines arc distinguished 
by their yellow-green fluorescence. 

,N cc.n„ 


Diliydro-a,/ 7 -diphenyliiuinoxaline, CeH,^ 


\ 


NH— CHC,H 


, melts at 146°, 


^and is produced in the reduction of diphenylquinoxaline with 
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stannous chloride, or from benzoin and o-phenylenediamine (B. 24 , 
1870 ; 27 , 2182). iV-Methyldihydro-a,jS-diphenylquinoxsdine (B. 25 ,- 

1632) is oxidized to 'i:l-Methyl-a,^-diphenyl-quinoxalinium-hy dr oxide, 

C H -C.CeHs. 

® *\N(0H)(CH3) iC.CflHs 

iV, ATi-Dihydro-a-methyl-jS-isopropylquinoxaline, 

colourless flakes, m.p. 124"^, by condensation of o-phenylenediamine 
with mesityl oxide. Its dinitroso-compound melts at 177° (B. 39 , 1646). 

N - Methylketodihydro - - methylquinoxaline, Dimethylquin- 

N— ^--^-CCHa 

oxalone, | , melts at 78° and boils at 308°. It 

\N(CH3)— CO 

results from the condensation of methyl-o-phenylene-diamines and 
pyroracemic acid (B. 25 , 1630). 

.NU.CH 2 

Oxydihydroquinoxaline, CcH 4<' | , m.p. 132°, from 0- 

^N-C(OH) 

phenylenediamine with monochloracetic acid, is oxidized by chromic 
acid to dioxyquinoxaliiie (B. 41 , 800). 

Oxy-dihydronaphthoquinoxaline, m.p. 246°, from a-nitroso-i^-naph- 
thol, acetaldehyde, and ammonia. 

Tetrahydroquinoxaline, CgHioNg, melting at 97° and boiling at 289°, 
is obtained from pyrocatcchol and ethylenedi amine (B. 21 , 378), or by 
saponifying its dihenzosulphonic derivative, CgH4(NS02CgH5)2>(CH2)2, 
the reaction-product of ethylene bromide and dibenzene sulphon- 
o-phenylenediamine (B. 28 , R. 756). 

a,/l-Diphenyltetrahydroquinoxaline, C8HgN2(C6H5)2, is produced in 
two isomeric forms, melting at 105° and 142°, when diphenylquinoxa- 
line is reduced with sodium and alcohol (B. 27 , 2184). 

III. DIBENZOPARADIAZINES. 

Phenazine Group . — Phenazine is analogous in constitution to 
anthracene and acridine: 

G$0 

Antlir.ici lie Acntliiu*. IMicruiiCiiic. 

On the other hand, it is, in its methods of formation and general 
deportment, very closely related to the dibenzo-derivatives of paroxa- 
zine and parathiazine : 

C.H4<^ ” \c.H, C,H4/^\c.n4. . 

Dibenzoparoxazine, Dibenzoparathiazine, Dibenzoparadiazine, 

I’henoxazinc. Thiodiphenyl.mime. Phenazine. 

It is the paxent substance of an extensive class of dyestuffs, which 
are to some degi^e quite important from the technical standpoint — 
e,g., the eurhodines, toluylene-red, the indulines, safranines, etc. — which, 
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are in part derived from phenazine itself and partly from higher con- 
^densed paradiazines — e.g., naphthophenazine, naphthazine, etc. 

Methods of Formation. — i. Phenazines result by the exit of water 
and hydrogen in the condensation of o-diamines and o-dihydroxy- 
benzenes: 

. .NHj OH. /Nv 

C.h/ + >C.H, > CeH,< 1 \CeH,. 

^NHa OH/ \n/ 

2. Azines are also produced from o-diamines and o-quinones — e.g., 
^-naphthoquinone, phenanthraquinone, croconic acid, etc. : 


CeH,, 


/NH, 

\nh- 


oc— ch-ch 


oc- 


-Cell, 


/3-Naphthoquinone. 


N— C— CH-CH 
C.h/ 1 II I 

\N— c C,H, 

Phenonaphtb aziue. 


Isatin and o-phenylenediamine similarly yield indophenazine, 

CeH^.C— N. 

I II I /CeH4 (B. 29 , 200). On the other hand, azonium bases result 
NH— C— n/ 

if mono-substituted o-diamines and o-quinones are condensed (see 
quinoxaline) : 


/NHa CO— Cell4 

CioHe< + I I 

^NHCeHj CO— CeH^ 


c^-Aminonaphthyl* Phenaathra’ 

phenylamine. quiuone. 


N-C— CeH^ 
> Ci„h/ II 1 

\N— C— CeH4 

/\ 

C 6 H 4 OH 

Naphtho-phenanthra*phcnyl- 
azoniuin Hydioxide. 


Such azonium compounds are also produced by the action of azines 
and alkyl iodides, and by the deamination of induline and safranine 
bases,, 

3. Furthermore, azines result in the oxidation of a mixture of 
o-diamines and a-naphthol: 






4. Naphtho-phenazines and naphthazines are formed by the fusion 
of o-amino-azo-compounds with j 3 -naphthol (B. 38 , 1811) : 


,N iN.CyHy 

CzH,/ 

^NH, 


+ >CioH. 

ho/ 


-H,0 

-C 7 H 7 NH"’ 


\n/ 


5. Nitrobenzenes and anilines or naphthylamines, treated with 
dry KHO, form phenazines and phenazine oxides respectively, the 
lattej being easily reduced to phenazines (B. 34 , 2442) : 

C,H4(N,0)C,H4 > C,H 4 <^^]>C.H 4 . 

< 5 . Phenazine oxides are also formed by fhej' action of con- 
.centrated SO4H2 upon para-substituted nitrosobenzenes (when the 
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^-position is unoccupied, /(-nitrosodiphenyl hydroxylamines are formed) 
(A. 882, 82 ) : 

2C1C,H,N0 > [ciC,H,/^^^\c,H,Cl] > C1C4H,(N,0)C,H,C1. 

7. By the decomposition of o-anilino-(toluino-, etc.)-azo-bo<iie9» 
Thus, o-anilino-naphthyl-azobenzene-sulphonic acid, produced by the 
combination of phenylnaphthylamine with diazobenzene - sulphonic 
acid, breaks down, on boiling with dilute acids, into naphthophena- 
zine and sulphanilic acid: 

/N;NCeH4.S03H .N. 

CioHo< I >CeH4 + H3N.CeH4.SO3H. 

\NHCeHe 

Behaviour. — ^The phenazines arc mostly yellow-coloured, feebly basic 
* bodies that cannot be distilled without suffering decomposition. They 
dissolve in concentrated sulphuric acid with a red to blue colour. They 
are again precipitated upon addition of water. They combine with 
alkyl iodides to azonium iodides. Tliey are reduced to colourless 

VTTT 

dihydro-compounds — e.g., dihydrophenazine, CgHe < >CeH4 — which 
are readily re-oxidized to azincs. 

Phenazine, C12H8N2, was first obtained from calcium azobenzoate 
by distillation, and was called azodiphenylene, with which it is isomeric. 
It may also be prepared from o-phenylcne-diamine and pyrocatechol, 
and by conducting aniline vapours through a tube heated to redness, 
by the deamination of aminophenazines, and upon boiling formazyl 

yN.NHCaHg 

carboxylic ester, COaR.C<^^ • NC H * concentrated acids (B. 25» 
3205), togeth*er with various other products in the oxidation ^of 0- 
amino-diphenylamine, 3^3)- melts at 171®. 

Phenazine is also obtained from nitrobenzene, aniline, aifd caustic 
potash. In this process some phenazine oxide, C8H,i(N20)CgH4, m.p. 
226®, is obtained, which is reduced quantitatively to phenazine by 
stannous chloride (B. 34, 2446). 

Ammonium sulphide reduces phenazine to dihydrophenazine. Con- 
sult A. 292*, 260, for its reduction in acid solutions. 

Dimethylphenazine, • CH3 . C8H.3 : Ng : CgHa . CH3, m.p. 162®, by 
reducing dimethylphenazine oxide, m.p. 205®, obtained from /)-nitroso- 
toliiene by method 6 (see above). 

Toluphenazine, CHg.CgHa: Ng: melting at 117®, is obtained 

from toluylene-diamine and pyrocatechol; also from o-amino-phenyl- 
tolylamin^e and lead oxide (B. 29, 1873). 

a,i9-Naphthophenazine, CioHg : Ng : CgH^, melting at 142°, is pro- 
duced, in addition to the common methods (see above), from naphthyl- 

NO 

phenyl-nitrosamine, CioH7>^^^CgH6^ just as acridin is obtained 

frqm formyldiphenykimine. Sym. q, )3-naphthazine, 

melting at 243 °, 4s formed ii like manner from A^-dinaphthyl-nitro- 
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samine (B. 26 , 185), or from benzeneazo-j 5 -naphthylamine by fusion 
with i 3 -naphthol (B. 38 , 1816). l 7 ;}sym.-a,^-Naphthazine, melting 
'"at 283°, was first made by heating nitronaphthalene with lime {naph^ 
thase, Laurent, 1840), and was consequently long regarded as azonaph- 
thalene. It was dso prepared from a, jS-naphthylenediamine and jS- 
naphthoquinone. It is most easily made by condensing nitroso-/?- 
naphthylamine and a-naphthylamine (B. 29 , 2086), or by fusing /?- 
naphthylamine with caustic alkalies with or without oxidizers (C. 1905, 
II. 1757). Oxidative disintegration converts syw.-aj 3 -naphthazine 
into a-phenyl-naphtho-quinoxaline, and «wsyw.-a/?-naphthazine into 
/ 5 -phenyl-naphtho-quinoxaline (B. 41 , 390). , 

Fhenanthrophenazine, Ci 4 H 8 : Ng: CgH 4 , melts at 234°, and is 
obtained from acenaphthene-quinone and o-phenylenediamine (C. 
1899, II. 338). ^ 

Anthrazine, C14II8 reddish-brown needles, m.p. 

1.[2]N[2]J 

about 390^^, subliming, results from fusing /^-anthramine with caustic 
alkalies (C. 1906, II. 725)- It is also obtained from Indanthrene, 
Dihydroanthraquinoneazine, by distillation with zinc-dust. Indan- 
threne is formed from 2-amino-anthraquinone by fusion with KHO 
at 250°: 


CO CO 




• 

The following methods of formation, which have no technical 
importance, prove its constitution: (i) By condensation of 1,2-diamino- 
anthraquinone with 1,2-anthraquinone, followed by oxidation and 
reduction (C. 1906, II. 80) ; (2) from i-amino-anthraquinone on heating 
with dilute acids under pressure (C. 1907, II. 1133); (3) by' auto-con- 
densation of i-amino-2-bromo(chloro)anthraquinone (C. 1905, 1 . 843). 
Indanthrene is a blue powder very slightly soluble in organic solvents.. 
From quinoline it crystallizes in needles with a coppery lustre. On 
heating with benzoyl-chloride it yields a dibenzoyl compound in red 
needles (B. 44 , 1732). 

By oxidation with chromic or nitric acid, indanthrene passes into 
the greenish-yellow anthraquinonazine, Ci4H*02(N,)Ci4Hg02, which 
easily regenerates the dihydroazine. The stability of dihydroanthra- 
quinonazine, remarkable when compared with the instability of other 
dihydrophenazines, is paralleled by the stability of fluorubin, etc. 
On strong oxidation with chromic acid indanthrene passes into ^ozy- 

pynudno-anthraaiiinone, 
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Hydrosulphite or zinc-dust reduces indanthrene, with absorption of 
2 or 4 atoms of hydrogen to products similar to hydro-quinone soluble^ 
in alkalies. These, by oxidation in air, regenerate the insoluble dye- 
stuff. This is the basis of vat-dying with indanthrene (B. 36 , 3410; 
40,390). 

Technical importance attaches to a series of halogen substitutioft 
products of indanthrene which are oxidized to the corresponding azines 
with even greater difficulty than indanthrene itself (compare B. 43 , 
1000). 

Closely related to indanthrene in its behaviour and its methods of 
formation is the yellow dye — 

Flavanthrene (for constitution, see below), which, though it does 
not belong to the ^-diazines, will be dealt witli here on account of its 
close relation to indanthrene. 

Flavanthrene is also obtained from 2-amino-anthraquinone by 
potash fusion at high temperatures (350°), or, better, by boiling with 
antimony pentachloride in nitrobenzene solution. Its constitution 
follows from its synthesis from 2,2'-dimethyl-i,i'-dianthraquinonyl. 
By oxidation, this is converted into the corresponding dianthra- 
quinonyl dicarboxylic acid, whose diamide, with bromine and alkali, 
yields 2,2'-diamino-i,i'-dianthraquinonyl, which splits off 2H2O and 
condenses spontaneously to flavanthrene (B. 40 , 1691; compare 
M. 32 , 447) : 



Flavanthrene is a yellow, almost insoluble powder, crystallizing 
from quindlin in brownish-yellow lustrous needles. On treatment with 
alkaline hydrosulphite solution it yields a dark-blue vat dye which 
colours cotton in blue tints, passing on air oxidation into a very fast 
yellow. Strong reduction with HI and phosphorus, or heating with 
zinc-dust, converts flavanthrene into the de-oxygenated flavanthrine, 
CggHigNg, brown needles, m.p. 390°, which corresponds to anthrazine 
(B. 41 , 2304, 2534). 

iV-Diaryl-dihydro-phenazines are produced by the action of acids 
upon diaryl-hydroxylamines: 


CeH.CH, 

CeH*CH, 


C.H4CH3 

deH^CH, 
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The primary formation of diaryl-hydroxylamines is also responsible 
sfor the production of diaryl-dihydrophenazines during the action of 
concentrated acids upon tetra-aryl-hydrazines and tetra-aryl-tetra- 
zones (B. 41 , 3478, 3498; 45 , 496). 

iV-Diphenyl-dihydro-phenazine, colourless needles, m.p. i72°-i75®, 
IS formed besides diphenylamine on boiling tetraphenylhydrazine in 
toluol Solution. Here we must assume a primary decomposition of the 
tetraphenylhydrazine between the two N-atoms as in the spontaneous 
dissociation of hexaphenylethane in triphenyl methyl (A. 381 , 202) : 

2(C,n5),N-N(C,H,), > + 

The colourless solution of diphcnyldihydrophenazine in conceii' 
trated H2SO4 is coloured an intense blue on adding oxidizing agents, 

an ortho-quinoid sulphate, , being formed, which is 

C^H./XOSO^H 

the carrier for the well-known nitric acid reaction with diphenyl- 
amine and sulphuric acid. The tetraphenylhydrazine first obtained in 
this reaction by the oxidation of diphenylamine is split up by the sul- 
phuric acid into diphenylamine and diphenylhydroxylamine, which 
immediately condenses to diphenyldihydrophenazine (A. 381 , 210). 

The entrance of salt-forming groups, like NHg and OH, converts 
the phenazines into dyestuffs. In addition to the normal foiinulas, 
pafaquinoid pseudo-forms come into consideration for these amino- 
and hydroxyphenazines (eurhodines and eurhodols) (A. 290 , 260) : 

Eurhodine or ; Nil ; 

Eurhodol ; .OH or ; O. 


Amino-phenf^ines. — (a) Monamino-phenazines, the eurhodines, are 
produced (i) analogously to the parent substances from aminated o* 
diamines and quinones : 


NH,.CeH3< 

Triaminobenzene. 


OC— CH-CH 

+ I I - 

OC C»H, 

^-Naphthoquinone. 


-> NH-oC-H 


.N— C— CII-CH 



Aminophenonaphthazine. 


(2) By the action of aromatic monamines upon o-aminoazo-bodies : 


/N :'NC7H7 

C7H,<; + C13H7NH3 

XnHj 




-> 


CjH,/ + 


(3) ®y the condensation of quinone dichlorimides or ^-nitroso- 
dimethyl aniline with monamines, in which the ^-position is occupied 
(if this be free, indamines result) : 

/NO H . c ‘ /N. 

(CH,),N.C,H,< + > (CH,).N(jin,< 1 >C„H,. 

NH/ 

Nitrosodimetbylanillna. /3-Naphthylamine. DimatbylaminopbenoDaphthazlne. ' 
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The eurhodines are feeble bases. Their salts are scarlet red in 
colour. They dissolve in concentrated sulphuric acid with a carmine- 
red colour, which, upon the addition of water, passes successively* 
into black, green, and finally red, which is due to the gradual dissocia- 
tion of polybasic salts, only stable in the presence of concentrated 
acids. The ethereal solutions have a yellow-green fluorescence. If 
heated with acids, eurhodines become oxyphenazines. They are not 
applicable technically. 

Aminophenazine, CqK^(N2)Cq11^^1{2, has been prepared from 0- 
diaminophenazine upon heating it with zinc-dust. It results in the 
oxidation of the diamino-diphenyl-amines, NH2[2]C^H4NHC(,H4[3]NH2, 
or (NH2)2[2,4]C„H3NHCgH5 (B. 29 , 1874). It consists of red bronze 
needles that melt at 265®. It is also prepared by the condensation 
of o-nitroaniline with aniline and zinc chloride (B. 43 , 2186). 

Aminonaphthophenazine, Qo Hg Ng Cg H3 NH3, m.p. 267®, from 
chrysoidin and )S-naphthol, or from ^-naphthylamine and quinone 
dichlorimine (B. 38 , 1844). 

(6) Unsymmetrical diamino phenazine^ are formed by the oxidation 
of o-diamines (beside hydroxyaminophenazines, B. 36 , 4026) : 


‘ ‘Xnh, ' ‘\nh. 


Unsyni. Diaminophena^ine. 


On oxidizing dialkylated o-diamines, paraquinoid azonium salts 
are formed (B. 37 , 552) : 


2C.H 


/'NUCH, 

‘\nhch, 


aO 

HCI 


/N(CH,)- \ 
‘ ‘\N(CH,)C1/ 


C.H, 


/NCH, 

\NHCH 


3 


(c) Symmetrical diaminophenazincs, Tolnylene-red Group. — Syni- 
metrical diamino-phenazines arc produced w 4 ien aminated indamines 
are oxidized (II. 238) : 


/NHj Q 

NH : CJl3< \ >CeH3NH3. 

\N \n/ 

Sym. o-Amiiiophenazine. 

Instead of using the prepared indamine, a mixture of a ^-dia- 
mine with a m-diamine may be oxidized, or quinone chlorimides 
may be* allowed to act upon a w-diamine. Thus, toluylene^red, 
dimethyldiaminotoluphenazine, NH2C7H5N2CgH3N(CH3)2, is produced 
by oxidizing dimethylparaphenylenediamine with m-toluylenedia- 
mine. Toluylene-blue appears as an intermediate product. 

It crystallizes in orange-red needles. It is applied in dyeing under 
the nsme Neutral Red. Its monacid salts are rose-redin colour; the 
diacid, blue; and the triacid, green; the last two are stable only in the 
presence of strong acids. It colours silk and cotton, mordanted with 
tannin, a scarlet-red. It yields dimethylmonaminotoluphenazine by 
deamination. 

Hydroxyphenazines, eurhodols, are formed (i) when the aminophena- 
zines are heated to 180® with concentrated hydrochloric acid; (2) syn- 
thetically by condensing^ o-diamines with o-quinones containing 
hydroxyl. Tlfe eurhodols resemble the eurhodines in colour and 
fluorescence. * 
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a-Hydroxynaphthophenazine, HOCgH3N2CQH4, from aminonaphtho 
phenazine or produced by the condensation of hydroxy- j 9 -naphtho- 
^quinone with o-phenylene-diamine, yields two isomeric methyl ethers — 
an oxygen and a nitrogen ether — corresponding to the two formulas 
presented for eurhodol. 

Dihydroxyphenazines are obtained similarly to the monhydroxy 
bodies. The condensation of o-phenylene-diamine with dioxy-diketo- 
tetrahydro-naphthalene (produced by the action of hypochlorous 
acid upon ^-naphthoquinone) gives rise to naphthophenazine oxide, 
C3H4N2CioHe>0. This is a body resembling ethylene oxide. Hydro- 
chloric acid rearranges it into p - hydroxynaphthophenazine, 
CeH4N2CioH50H, melting at 198° (B. 26 , 617; A. 286 , 61). 

Azonium Compounds . — ^These are important because they are to 
be regarded as the parent substances of the dyestuffs of the induline, 
indone, and safranine series, from which they are produced by dia- 
zotizing in strongly acid solution, and to which they revert upon 
treatment with ammonia or alkalies. 

When these phenazonium compounds are treated with alkalies, 
amines, etc., the position to the N-atom is readily substituted by 
-OH, NH^, etc., another molecule of the azonium compound being 
simultaneously reduced. This is made clearer by an ortho-quinonoid 
formula (see B. 31 , 3073; 33 , 395): 


2 Cell 


yN\ 

A 

Cl 



/\ 

Cl 


See under diphenyl phenazines for their .synthetic methods of forma- 
tion. The phcnylazonium salts have been rhielly isolated by means 
of their ferric chloride double salts. Ethylphenazonium iodide. Methyl 
naphtLophenazonium iodide, C6H^(N.2.C2H5l)CyH4 and CioH3(]Sl2CHoI)- 
CjoHe, are produced by the union of the corresponding azines and al%l 
iodides (B. 30 , 391). Phenylphenazonium chloride results from the 
deamination of aposafranine chloride. The ferric chloride double salty 
CgH4(N2CgHBXl)C3H4.FeCl3, melts at 186°. On reduction with stan- 
nous chloride it gives A^-Phenyldihydrophenazine, 
m.p. 143'’, the true analogue of phenoxazine and thio-diphenylamine 
(A. 322 , 69). Phenylnaphthophenazonium chloride, CioHg(N.3CgHB.Cl)- 
CgH4, is obtained from rosinduline and isorosinduline. An isomeric 
zsophenylnaphthophenazonium chloride has been prepared from 
^A-rosinduline (p. 298), and also by condensation of /^-naphthoquinone 
with phenyl-a-phenylenediamine (B. 29 , 2316, 2967; 30 , 2629). 

Phenyl-dinaphthazonium chloride, CioHg(N2CgH5.Cl)CioHg, from 
naphthinduline (B. 32 , 939) . Phenyl-phenanthro-phenazonium cUoride, 
Flavinduline, Ci4H8(N2C6HbC 1)C6H4, from phenanthrene quinone and 0- 
amino-diphenylamine (A. 292 , 266; C. 1898, II. 691; 1900, 11 . 117, 
etc.). 

On the products of the action of magnesium-organic compounds 
upon flavinduline, see B. 42 , 1104. 
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Phenylacenaphthophenazonium nitrate, Ci2H0(N2CeH5N 

from acenaphthene-quinone and o-amino-diphenylamine (B. 43 , 441). 

Indulines, Indones, and Safranines. — ^These dyestuffs bear the * 
same relation to the phenazines as the oxazimes and oxazones (p. 263) 
to phenoxazine and phenoxazonium salts, and the thiazines and thi- 
azones to thiodiphenylaniine and the phenazothionium salts. They- 
contain, instead of the ring-oxygen atom and the ring-sulphur, atom 
of these compounds, an NR-group. The induline salts can be converted, 
by means of their diazo-bodies, through deamination, into azonium 
salts (p. 296), and must therefore be viewed as aminated azonium salts. 

The corresponding azonium hydrates, however, easily split off 
H.jO and pass into imines which, in contrast with the azonium com- 
pounds, are non-electrolytes (B. 29 , 2316, 2752, 2771 ; 33 , 311). These 
imines are isomeric or desmotropic with the para-quinone formulae 
of the induline bases ; according to these formulae the indulines, indones, 
•etc., are quino- anils, indamines, and indo-phenols, in which the two 
aromatic nuclei are linked by the NR-group. 

To save space, the paraquinonoid formula? for the bases are mostly 
employed ; they will be readily understood from what has been expressed 
above. The radical (R) may be an alkyl- or an alkyl-group. The 
phenylated derivatives primarily arc important technically (A. 286 , 
187; B. 28 , 1579). 

The indulines are prepared universally (i) by heating ^-aminazo- 
bodies with monamincs in the presence of some mineral acid: 

yN \ 

NH^WCflH^N : NCJIs + CeH.NH^ > NH : 

\N(CoH6 )^ 

The intermediate and by-products in this reaction are ^-quinone 
di-imide derivatives — e.g., quinone dianil, anilidoquinonc dianil, 
dianilidoquinone dianil, or azophenine (Vol. II.), etc. They are t© be 
considered as the real generators of the indulines (B. 25 , 2731 ; C. 1902, 
IL 902). Hence there is a relation between this reaction and the forma- 
tion of naphthindulines and -indones (jsorosindu lines and tsorosin- 
dones) from quinone dichlorimine, />-nitroso-anilines, and ^-nitroso- 
phenols with dkyl or aryl-/ 5 -naphthylamines (B. 29 , 2753; 34 , 940): 

CIN ; : NCI + CeH^NHCjoHy 


HOCeH4NO + C0H5NHC10H7 


-> HNrCeH^^ XoHe 

N V 

-> O : C.ny >CioHe. 


(2) Indulines and indones result from the condensation of hydroxy- 
quinones and amino-quinones with phenylated o-diamines (B. 28 , 
1714; A. 290 , 262): 


xy 'O H,N/ HCK 'N / 

,+ >C,H, > AcN;C„H.<' 


HO 
AcNHC 
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Indones are formed when the indulines are heated with concentrated 
mineral acids or dilute alkalies. 

The indulines are among the longest known aniline dyestuffs (Caro 
and Dale, 1865; Griess and Martius, 1866). Their constitution has 
been made more evident by a series of investigations prosecuted in 
recent years by Fischer and Heppe, Kehrmann, Nietzki, etc. (A. 272 , 
306; 290 , 247; B. 29 , 1442, 2318, 2771). 

The indulines are classified : 

I. Benzindulines, NH : CgH3(N2CftH5)CgH4, from phenazine. 
f{a) tsoRosindi^nes, NH :CftH3(N2CQH5)CioHg\from naphtho- 
1 ( 6 ) Bosindulines, N H : CioH5(N2C6H5) C^ll^ f phenazine. 

3. Naphthindulines, NH : CioH6(N2CgH5)CioHg, from naphthazine. 

4. Flavindulines (see above), which arc derived from phenanthro- 

phcnazine and -naphthazine. 

The ms-alkyl derivatives, corresponding to these ms-phenyl-com- 
pounds, have also been prepared in various ways (see B. 30 , 394, etc.). 

The benzoindulines and isorosindulines, on the one side, being deriva- 
tives of benzo-quinone, and the rosindulines and naphthindulines being 
derivatives of naphthoquinone, exhibit among themselves great simi- 
larity. The first two groups form violet to blue-coloured, sparingly 
soluble salts. Their application in calico printing depends upon their 
solubility in acetin ( Vol. I.) (acetin print). The ros- and naphth-indulines 
are strong bases. Their salts have an intense red colour, and show 
red fluorescence. When their strongly acid solutions are diluted, a 
change in colour similar to that observed with the safranines occurs. 
The indulines, like the quinones, readily yield anilino-compounds upon 
digestion with anilines. Similarly, the indones, when heated with 
alkalies, become oxyindones. For the action of ammonia upon the 
induhns, see under Safranine. 

Ifienzinduline, Aposaf ranine, results by deamination of 

phenosafranine. Further deamination yields the phenylphenazonium 
salt, which regenerates aposafranine by treatment with ammonia. 
Aposafranine, digested with aniline, forms anilino-aposafianine 
(B. 28 , 1709; 29 , 2967). Benzeneindiiline is also obtained from 
^-amino-azobenzene and aniline. Aminophenylbenzinduline, NHgCg- 
H4.N: CgH3(N2CeH5)CgH4, melting at 150°, is a side-product. By 
deamination it yields phenylbenzinduline. If />-amino-azo-benzene 
be heated with ^-phenylene-diamine, a mixture of various amino- 
indulines is produced, and these form paraphenylene blue, a valued 
cotton dyestuff (A. 286 , 195). 

^soBosinduline, CioHg(N2GgH5)CgH3: NH, from quinone dichlorimide 
and phenyl- / 3 -naphthylamine, becomes phenylnaphthophenazonium 
(B. 29 , 2753) by deamination. Its dimethyl derivative is obtained from 
^-nitroso-dimethylaniline with aniline and a-naphthylamine. Bdle 
Blue (A. 272 , 311) is an anilino-derivative of this compound. 

B^induline, NH: CioHg(N2CgHg)CgH4, melting at 199®, is formed 
from benzene-azo-a-naphthylamine and aniline, from o-oxy-a-naphtho- 
quinone-imide and o-amino-diphenylamine, as well as from 4-acet- 
amino-o-naphtho-quinone and phenyl-(vphenylene-(iiamine. ^*Bosin- 
duline, an isomeride, is also [produced by the last method. It differs 
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from rosinduline in the position of the N .CgHg-group with reference to 
the naphthalene nucleus (B. 24, 2167; A. 290, 262). 

Rosinduline and zsorosinduline, by deamination, are converted into 
phenyl-naphtho-phenazonium salts, which regenerate rosinduline with 
ammonia. .... 

Besides those mentioned, a whole series of isomeric rosinduline s 
have been obtained by various methods (compare B. 31, 3097; 32, 
2627; 33, 1543, etc.). 

Phenylrosinduline melts at 235°. Azocarmine is its disulphonic acia 
(D.R.P., 45,370). 

Naphthinduline, melts at 250°. It is 

obtained from benzene-azo-a-naphthylamine with naphthylamine and 
aniline (A. 262, 262 ; 272, 31 1). Naphthyl violet is its anilino-derivative. 
Naphthyl blue is the anilino-derivative of phenylnaphthinduline ; it is 
^ produced by the inner condensation of benzene-azo-a-naphthyl-phenyl- 


amine. 

Indones (A. 286, 242). — By treatment with PCI5 the indones yield 
chloro-phenazonium chlorides. Besides the ^-quinone formula (see 
above), a phenol betaine formula has therefore to be considered for 
these compounds (B. 33, 1485 ; 41, 12) : 


o.c. 


\c,H. or 

’\N(C.Ht)/ I Xn(C.H.)/ XN(U)(C,H,)/' 


The indones combine with dimethyl sulphate to form methyl sulphates 
of methoxyphenazonium hydroxides (A. 322, 73). 

Apo-safranone, henzolindone, ^42°, is formed from 

apo-safranine bromide with NaHO (B. 33, 1487). It gives with PCI 5 
phenyl-chloro-phenazonium chloride (see above), and. with hydroxyl- 
amine amino-apo-safranone, CigHiiN20(NH2) (B. 38, 3435)* • 

Rosindone, O: of the indones (see A. 286, 242), 

occurs in the form of its sul phonic acid as a ponceau-red dyestuff 
having technical application. 

With PCI 5 it yields pheiiyl-chloro-naphtho-plienazonium chloride, 
which with KSH gives thio-rosindone. With dimethyl sulphate 
rosindone yields 4-methoxy-naphtho-pheno-phenylazonium methyl 
sulphate, CH 30 CioH 5 (CeH 5 N 2 . 0 S 03 CH 3 )CeH,. On the oxidation of 
rosindone with CrO^ to the so-callcd rosindonic acid, see B. 36, 3^22. 

tsoRosindone, Cio-Hf,(N2C,H5)C,,H3: O, melting at 224°, is also ob- 
tained from nitroso-phenol and phenyl- ^-naphthyl-amine (B. 29, 275y- 

With PCljit yields phenyl-naphtho-chloro-phenazonium chlonde(B. 

33, 1494), and with hydroxylamine amino-fso-rosindone (B. 40, 34^)- 
Naphthindone, CioH50(N2.C«H5)CioH6. m.p. 295°, with PClj 
gives phenyl-chloro-naphthazonium chloride (B. 33, 1497)* . . 

Safranines.—SaiTamne salts should be regarded as symmetrical 
diaffiino-derivatives of the azonium salts. They are produced (i) upon 
oxidizing a mixture of an indoamine and a monamine : 


HN.C-H,. H,N. o 


> 


Pbeoyleae Blue. 


6 H5)CK 

Phenosafeanine Chloride* 
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(2) By oxidizing a mixture of m-amino-derivatives of diphenyl- 
. amine with ^-diamines or quinone dichlorimides (B. 28 , 1579 ; 29 , 1444) : 




±NH,C,H 4 [ 4 ]NHC.H,^ P 




N- 


(:,HjNH[3]c,h, 


+ NHj.C,H.[4]NH, 
*\nH(C,H.) 


:> 


C,H,NH- 


N(C,n.)CK (C,H,). 

Phenomauvelne. 


(3) By the action of ammonia upon the aceto-derivativcs of certain 
indulines; 


V NH 

AcNHC«Ha( | AcNH . Celia/ | XCeH, . NH*, 

NN(CeH6)CK ^ \N(CeHe)CK 


The safranines usually form monacid, red-coloured salts. The 
solutions in concentrated sulphuric or hydrochloric acids are green in , 
colour. Upon dilution they become blue, then red (dissociation of un- 
stable polyatomic salts; compare the eurhodines above). The reverse 
in colour-change occurs upon adding acid to the dilute salt solutions. 

The sparing solubility of their nitrates is noteworthy. The alcoholic 
solutions usually exhibit a strong yellowish-red fluorescence. Views 
in regard to the structure of the free bases have been proposed. 
Reducing agents convert safranines into leuco-compounds, which in 
the presence of alkalies are rapidly reoxidized by the air to safranines. 

The lowest member of the safranines is — 

Phenosafranine, C18H15N4CI. It consists of leaflets, green in colour, 
or of steel-blue needles. Baryta separates safranoL 

When its monodiazo-compound is boiled with alcohol, aposafraniiie 
chloride is produced; the acetyl derivative of the latter, upon treatment 
with ammonia, again yields an acetyl phonosaf ranine (B. 30 , 1565). 
Uns5jtnmetrical dimethyl- and diethyl-phenosalranines (B. 28, 1356) are 
obtained from dimethyl- and diethyl-^-phenylenediamine with two 
molecules of aniline. Dimethylphenosafranine is the basis of the dye- 
stuff fuchsia. The Giroffle of commerce is a homologue. iV-Tetraetlijrl- 
phenosafranine is the violet dyestuff amethyst. 

zsoPhenosafranine, (NH2)2C8H2(N2C8H5Cl)CeH4, is obtained from 
dinitro-pheno-dihydro-phenazine (resulting from the condensation of 
picric acid with o-amino-diphenylamine) in the same way as are the 
corresponding compounds of the oxazine anji thiazine series (B. 32 , 
2608, 3155). 

Tolusafranine, Ci8Hi3(CH3)2N4Cl, from toluylenediamine o-toluidin^ 
(i molecule) and aniline (i molecule), is the chief constituent of common 
safranine, occurring in commerce :as a brown paste or yellow-red 
powder, employed in cotton and silk dyeing as a substitute for safflor. 
The necessary base-mixture for its production is obtained from the 
" aniline oil for safranine.*' This is partially diazotized, and the product 
broken up into paratoluylenediamine and orthotoluidine by reduction. 

Naphthophenosafranine Chloride, NH2CioH5(N2C8H5.Cl)C0H3NH2. 
Its acetyl derivative is produced from acetylrosinduline and ammonia 
(B‘ 80, 1566). 

The dyestuff indazine, C8H5NHC8H3(N2ClCeHfi)jCeH3N(CH3)2, is 
•closely allied to the safranines in its method of formation. It melts at 
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218®, and is obtained from diphenyl-iV-phenylenediamine and nitroso- 
dimethyl aniline. The analogous non-methylated body, from nitroso- 
aniline and diphenyl-w-phenylenediamine, or from m- and ^-amino- 
diphenylamine, is identical with Phenomauveine, which is closely 
related to mauveine, the first aniline dye to prove valuable technically 
(Perkin, 1856). Mauveine is produced by oxidizing aniline containing 
toluidine with potassium bichromate or lead peroxide. Magdala Red 
belongs to the safranines (Hofmann, B. 2 , 412). It results from amino- 
azonaphthalene and a-naphthylamine hydrochloride. It probably 

N . 

has the following constitution: \ (B. 26 , 

\N(CioH,)C1/ 

2235 ; 30 . 1567). 

Satraninones and Safranols are to be viewed as symmetrical amino- 
and oxyderivatives of the indones. Like the safranines, they are pre- 
.pared from w-hydroxydiphenylamines with nitrosodimethyl aniline 
or nitrosophenol (B. 28 , 270, 503, 1354, 1578). 

Safraninone. CigHi^NgO, and Safranol, CjgHigNgOg, are made by 
boiling phenosaf ranine with baryta-water or caustic potash (B. 30 , 399). 

With PCI5, safranol gives dichloro-phenazonnm chloride, ClCgHg- 
(N2.ClCeH5)CeH,Cl (B. 31 , 301). 

Fluorindines . — Fluorindine is the simplest representative of this 
class of dyestuffs. It corresponds to triphenodioxazine: 


C.HyNc.H/°Nc.H, 

Triphenodioxazine. 


/N /NH. 

c.h/ >c.h/ \c,h,. 

\nh/ ^ N / 

Fluorindine. 


The fluorindines result by oxidizing or heating the salts of o-diamines ; 
unsymmetrical diaminophenazines appear as intermediate products: 


‘•HZ I >CeHJ + ICeH*- 

U2]NH2 HaN[2]J 

Unsym. Diaminophenazine. o-Phenylene-diaraiuc. 


4 \ 

Fluorindine, 


,NH\* 


The fluorindines usually form green-coloured crystals, which sub- 
lime without decomposition and are sparingly soluble. Their solu- 
tions show a beautiful brick-red fluorescence. 

iV-MethSrlfiuorindine. CgH4 -(N2H)- -C^Hg (NgCH.) is 

obtained from the hydrochloride of diamino-phenazine and methyl-o- 
phenylene-diamine (B! 28 , 395). 

Phenylfluorindine, C6H4N2HQH.3N2(CeH5)CgH4, results from the 
condensation of aposafranine chloride with o-phenylene-diamine (B. 29 , 
367). Diphenylfluorindine, CgHj (NgCgHg) CgHg ^(N.3CgH6) -CgH4, 
is produced in the oxidation of azopheninc, and also from phenylindu- 
line by sublimation (B. 28 , 293). 

Triphenazineoxazine is a mixed oxazine-phenazine. It is formed 
from unsym. dihydroxyphenazine with o-aminophenol, or from amino- 
phenoxazone with o-phenylene-diamine (B. 28 , 299) : 


xOv yO • 

^NHa NH/ 
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4. TRIAZINES. 

Derivatives of the three possible metameric triazines are known: 



/^\ 

/S 

N N 

N N 

c c 

A. 1 1 

B. 1 1 

C. 1 1 

C C 

C N 

N N 

Xn/' 


\n/ 


Sym. Triazine, Cyanldino, Unsym. (a)-Triazine, »-(/3)-Triazine. 

A. Symmetrical Triazines, Cyanidines. — The formula oi symmetrical 
triazine corresponds to the hypothetical Trihydrocyanic Acid, to which 
the metallo-hydrocyanic acids (Vol. I.) have been referred. Further- 
more, a series of polymeric cyanogen compounds — e.g., cyanuric acid, 
sulphocyanuric acid, cyanuric chloride, melamine, tsomelamine, etc. — 
are derivatives of this triazine. They have already been discussed. 

Alkyl- diVidi phenyl-derivatives of symmetrical triazine or cyanidine 
are obtained : 

I. By the action of aluminium chloride upon a mixture of benzo- 
nitrile and benzoyl chloride or acid chlorides. When benzoyl chloride 
is used, the reaction (best with the addition of ammonium chloride) 
proceeds as follows (B. 25 , 2263) : 


2CcH5CN + C,H4COCI- 


gCCl OC.CflHg NTU 

II I II 1 

N— CCCeH^) =N N-X(CeH5) :==N 


2. By the action of anhydrides of the fatty acids upon aromatic 
carbon-amidines (B. 25 , 1624) : 

CeH,C~NH, . 0(COCH,._ 

• NH + ]SH2C(C8H6)=NH N— C(C,H5)=N 

Carbonyl chloride acts similarly to the anhydride of the fatty acid, 
with the production of oxycyanidines (B. 25 , 1424). 

The cyanidines are weak monacid bases. They are more or less 
readily decomposed into ammonia and carbonic acids. 

Diphenylmethylcyanidine, C3(CeH5)2(CH3)N3, raelting at 110°, is 
made from benzamidine and acetic anhydride. It is oxidSzed to di- 
phenylcyanidinecarboxylic acid, which loses wafter readily and becomes 
diphenylcyanidine, C3(CpH5)2HN3, melting at 75° (B. 23 , 2382). 

Triphenylcyanidine, Cyanphenine, C3(C3H5)3N3, was first obtained 
from benzoyl chloride and potassium cyanate (Cloez, 1859), 
the polymerization of benzonitrile with concentrated sulphuric acid; 
from benzonitrile, benzoyl chloride, and AlgClg (see above), as well as 
by the action of sodium upon a mixture of cyanuric chloride and bromo- 
benzene (proof of constitution). Compare B. 29 , R. 1124, for the action 
of sodium upon benzonitrile. Nascent hydrogen decomposes it into 
ammonia and lophine; compare the similar conversion of Cyaniir- 
trieihyl, triethylcyanidine, into triethylglyoxaline (B. 28 , R. 66). Per- 
ohloro-trimethyl eyanidine, C3(CCl3)3N3, jnelting •at 96®, results from 
^ the polymerization of trichloracetonitrile. • 
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Hezachlorotriethylcyanidine, C3(CCl2.CH3)3N„ m.p. 74°, from 
propionitrile with chlorine, gives, with KSH, trithio-acetyl cyanidin, 
C3(CS.CH3)3N3 (J. pr. Ch. [2], 57, 357). 

Diphenylbydrozycyanidine, C3(CgHB)2(OH)N8, melting at 289°, from 
benzenylamidine and COClj (B. 23, 163), forms a well-crystall iz ing 
sodium salt. PCI5 converts it into diphenylchlorocyanidine, melting at" 
139°, which behaves like an acid chloride. Thus, ammonia readily 
changes it into diphenylaminocyanidine, melting at 172°. 

CH,C— N— --C(OH) 

Metbyldihydiozyoyanidine, II I , is obtained from 

N — C{OH):^N 

acetyl urethane and urea (A. 288, 318). 

Amino-cyanidine, amino-hydro-cyanuride, C3H2(NH2)N3, and Di- 
amino -cyanidine, diamino -cyanuride, C3H(NH2)N3, m.p. 325°, are 
formed by reducing cyanurimine dichloride and cyanurodiamine 
chloride respectively. The diaininocyanidine is identical with formo- 
guanamine (B. 32, 1219; see also Vol. I.). Guanamines in general are 
formed by heating aliphatic, guanidine salts, or biguanide with fatty 
acids \ 

NH 2 C— NHa NHgC N CII 

II +HC001I > II I 

N-G(NH2) =NH N— C(NH2) -n 

Digiiamdc. Diainido-cyanidme, tormo-guanamine. 

Piperylamino-cyanidine, C3(NC5Hio)(NH2)HN3, melting at 194°, is 
similarly obtained by heating piperyl guanide with formic acid, or by 
treating it with chloroform and caustic potash, even at 0° (B. 25, 525). 

Normal cyanuric acid is a trioxycyanidine, cyanuric chloride is a 
trichlorocyanidine, melamine is triaminocyanidine, and aminelide and 
ammeline are oxydiamino- and dioxyamino-cyanidines. Dimethoxy- 
and diethoxy-chlorocyanidines, m.p. 81° and 44°, b.p.13 144°, are formed 
on treating cyanuric chloride with methyl and ethyl alcohol and ziinc- 
dust. The former, with KSH, gives dimethoxythiocyanidine, which is 
saponified by HCl to dihydroxythiocyanidine, m.p. 316° with dec. 
(B. 36, 3191). isoCyanuric acid and its derivatives are to be regarded 
as derivatives of a triketo-hexahydro-cyanidine. 

Unsymmetiical (a)-Triazines. — But few derivatives of the simple 
ring are known: i,2-Diphenyl-3-hydroxy-tt-triazine, C3{C3H5)2(OI^N3, 
melting at 218°, is produced in the condensation of benzil with semi- 
carbazide (B. 28, R. no) 

• C.H^.CO lIjN— CO CeHgC - N— C(OH) 

I + ‘ 1 > 1 II 

CaHj.CO HjN— NH CeHjC-N— N 

Similarly, i,2-Diphenyl-3-ammo-a-triazme, C3(CeH5)2(NH2)N3, m.p. 
175°, are obtained from benzil^ and aminoguanidine nitrate (A. 802, 
309). Some other triazines are derived from the phenacyl-azocyanide, 
C3H5COCH2N : NCN ; the amide, amido-chloride, and thiamide respec- 
tively pass on rejection of HgO into phenylhydroxy-, phenylehloro-, and 
phenylthio-a-triazine, m.p. 234°, m.p. 123'', and m.p. 200° (B. 86, 4126) : 

C,H,CO A:H2— N t CeHjC =CH N 

H,N— CO— N ^ N =C(OH) .N 
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'iH-PhenyU and N-phenyl-ii’-alkyl-ketotetrahydro-a-Mazines are made 
by heating the unsymmetrical phenylhydrazino-acetic acid ester with 
formamide and substituted formamides (B, 28 , 1228) : 

COOR+ RUNCHO CO— NR CH 

I > I II 

CHg— N(CflHfi)— NH 2 CH,— N(CeH5)— N 


iV’-Diphenyl-keto-tetrahydro-triazine, melting at 205°, is obtained 
from formanilide. An isomeric iV-diphenylketo-tetrahydro-triazine, 

CH,— N(CeHg)— CH 

1 II , melting at 174°, has been prepared from anilino- 

CO — N(CeHg)— N 

acetic acid phenylhydrazide, CgH5NHCH2CON(CgH5)NH2, with 
crystallized formic acid (B. 26 , 2616). 

A'-Diphenyl-diketo-hexahydro-a-triazine, m.p. 258°, is formed from^ 
unsymmetrical phehyl-hydrazino-acetanilide with phosgene (A. 301 ," 
69). 

i-Mcthyl-2,3-diketo-hexahydro-a-triazine,C3(CH3)02H4N3, m.p. 214°, 
from semi-carbazido-propionic acid nitrile, NH2CONH.NHCH{CH3)CN, 
with concentrated HCl, is converted by bromine into methyl-di- 
hydroxy-a-triazine, m.p. 209°, which contains two H-atoms less 
(A. 303 , 76). 

The derivatives of benzo- or pheno-a4riazine are more numerous. 
They are produced (i) by the reduction of symmetrical e-nitrophcnyl- 
acidyl hydrazines : 




NO, COH 

I 

NH— NH 


.N--CII 

CeH4< 1 


{2) By the condensation of formazyl compounds on boiling them 
with concentrated acids (B. 25 , 3206, 3540 ; 26 , 2788) : 


CgHgN --N, 
CglIgNH— N 


^CCOCH, 




N=N 
N=CCOCH, 


(+C,H,NH.). 


The pheno-a-triazines are y^/W-coloured, crystalline compounds, 
having an alkaloid-like odour. They are very slightly basic. 

Phenotriazine, CgH4(CN3H), melting at ' 75 '' and boiling at 235®- 
240°, results from the reduction of o-nitropnenylformylhydrazine, or 
by the exit of CO2 and aniline from formazyl carboxylic ester. Methyl- 
phenotriazine, CgH4[CN3(CH3)] melting at. 89° and boiling at 250° to 
255°, is obtained from o-nitrophenylacetylhydrazine. Pheno-triazyl 
methyl ketone, CgF^CNgfCOCHg)], melting at 114'', is derived from 
formazyl methyl ketone. 

Ammophenanthrotriazine, ^ h — c=rN— c'nh * ' and hy- 

droxsrphenanthrotriazine, m.p. 285® with dec., from phenanthrene 
quinone with amino-guanidine nitrate and semicarbazide hydrochloride 
respectively (A. 802 , 310; B. 44 , 276). ^ 

The phenodihydro-a-triazines are refeted to the^pheno-a-triazines. 
They are obtained, instead of the expected alkylidene amino- 
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derivatives (B. 24 , 1002, R. 948), from o-amino-azo-compounds and 
aldehydes: 


C«H 




NHa 

NCeHg 


+ CHaO 




N— CHa 
N=NC,H3 


These compounds are colourless. They are feebly basic, stable 
bodies, which can be heated with hydrochloric acid to 150° without 
decomposition. 

AT-Tolyl-tolu-a-dihydro-triazine, C7Hg[CH2N3(C7H7)], melts at 178®. 
iV, C -diphenyl-aminopheno-a-dihy dro- triazine, NH,C«H3[CH(C,H,),N3], 
m.p. 223°, from chrysoidinc and benzaldehyde (B. 30 , 2595). A^,C-Di- 
phenyl-naphtho-a-dihydro-triaziue, CioH 6[CHN3(C8H5)2], melting at 
193®, is formed from benzene azo-^-naphthylamine and benzaldehyde. 


iV-Tolyl-tolu-dihydro-a-triazone, CaH* 


-CO 


m.p. 168°, from 


®\N— 

o-aminoazotolene with COClg, is not changed by boiling with HCl, but 
is easily broken up by bases. ^ iV-Phenylnaphtho-dihydro-triazone, m.p. 

255°, is also formed from the urethane of benzene-azo-/i-naphthylamine 
with alcoholic potash. The anilino-derivatives of the plieno-dihydro- 
triazins are obtained by withdrawing SH^ from the phenyl mustard 
oil addition products of the o-araino- azo-compounds (B. 32 , 2959). 

C. Phenodihydro- p-iriazines are derived from adjacent v- or /?-Tria- 
zine. They are ring homologucs of the azimino-benzenes, and cire pre- 
pared from the o-aminobenzylamines cind o-aminobenzamides with 
nitrous acid, just as the pheno-dihydro-meta-diazines or dihydro-quina- 
zolines are obtained from the carboxylic acids: 


/NH. 


■CJIj,— NHCeHft 


c.ll 


‘\cPIa~N.Cf,H5' * *\C0— NHg 


/N- 


N 

CO— NH 


iV-Phenylphenodihydro-/?-triazine, C3H4[CH2N3(C6H5)], melts with 
decomposition at 128° (B. 25 , 445). 

iV-Benzylphenodihydro-i?-triazine, C3H4[CH2N 3(07117)], melts at 91® 
(B. 28 , R. 383). 

Pheno-ketodihydro- /^-triazine, Benzazimide, C6H4[CON3H], melts 
with decomposition at 212"*. It is obtained from o-amino-benzamide 
with nitrous acid, or from /.^-amido-indazol by oxidation with HgOa in 
acid solution ; its oxime results from o-amino-benzenyl amidoxime with 
N2O3 (J- pr- Oh. [2] 37 / 43*2 ; 43 , 446; 48 , 92 ; B. 29 , 626, R. 785). Thio- 
benzazimide, CgH4[CSN3H], m.p. 187°, from o-amino-thio-benzamide 
with NO2H (B. 42 , 3719). A/'-Phenyl-benzazimide, CeH4[CON3C3H5], 
m.p. 151°, from o-amino-benzanilide with N2O3 (B. 32 , 784); also from 
diazoaminobenzene-o-carboxylic ester on boiUng with alcohol (J. pr. 
Ch. [2], 64 , 70). 


5. TETRAZINES. 

Only the first two of the three possible metameric tetrazine rings 
are known in certain derivatives: 

c— N—N • « c— N— N c— N— C 

A. I •! fB. I « i c. 1 I 

c— N— N N— N— C N— N— N 


VOL. III. 


X 
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^ ' A. Osotetrazines axe derived from adjacent or v-tetrazines, and 
, must be regarded as N-dihydro-i;-tetrazines. They are derived from 
the osazones by oxidation: 

C«H J . C - N— NH . CeHs CeH^ . C = N— N . C.H^ 

CeH^.C^N— NH.CeH* ^ CeH^.C^N— N.C^H, 

« 

Chlpro-glyoxal-osazone and its homologues, treated with alkali, 
split off HCl and give diphenyl-osotetrazines (B. 38 , 2986) : 

HC-N— NHC«Ha CH^N—N.CeH* 

CIC =N— NHCeHg CH -N— N .C^H^ 


On heating alone or with mineral acids the osotetrazines become 
osotriazoles (B. 42 , 659) : 


CH=N— N.CeHg 
CH=N— N.C«Hj 
CH,.C=N— N.COC^Hs 
CH3.C=N— N.COCeHj 


HCI 


CH=N\ 

ch=n/ 


N.CoH 


5 


CHsX-N\ 

CH5.C=N/ 


N.N(COCeH5)3. 


iV-Diphenylosotetrazine, glyoxal-osotetrazine, dark red flakes, m.p. 
iSz"". C-Dimethyl-iV-dibenzoyl-osotetrazine, colourless needles, m.p. 
140°. 

iV-Methylbenzodihydrotetrazine, melting at 62"^, is a benzo-deriva- 
live of v-tetrazine. It is formed when nitrous acid acts upon o-amino- 
phenylmethylhydrazine, and corresponds to the phenyl-dihydro- 
triazines ( J, pr. Ch. [2], 41 , 176) : 

/NH2 /N N 

CeH,/ + N3O3 1 

^ ^N(CH,)— NH* ^N(CH,)— NH 


The isophendihydrotetrazines, on the other hand, are constituted 
analogously to the phenyldihydro-a-triazines. They result by the 
reduction of the diazo-salts of o-amino-azo-compounds(II. 144) (B. 19 , 

1457121, 543): 


/N=NC1 
C7H / 

A 2 otoluene*o*diazo>chloride. 


.N—NH 
H,<(l 


C; 

-NC7H7 

i\r-Tolyltolur!K}dihydrotetrazine, m.p. x68“. 


B. The symmetrical tetrazines are obtained by the oxidation of their 
dihydro-compounds, and are distinguished by their intensely red colour. 

Symmetrical Tetrazine, __ purple columns, sublim- 

ing without decomposition at 99®, is formed by heating its dicar- 
boxylic acid (see below). SHg reduces it with decoloration to 
dihydrotetrazine, from which it is easily regenerated by oxidation 

(B.40.84). 

Symmetrical Diphenyltetrazine, red leaflets, m.p. 

192®, by oxidation of N,i;-dihydro-C-<iiphenyltetrMine (B. 27 t 984, 
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Symmetrical Tetra2dne dicarboxylic add, C2(C02ip2^4> carmine- 
coloured leaflets, is formed by the oxidation of bis-diazo-acetic acid . 
and pseudo-diazo-acetic acid or its amide with nitrous acid or bromine. 
On heating with water it splits up into Nj and glyoxal-hydrazin oxalic 
acid, COgH.CH: N.NH.CO.CO 2 H (B. 40, 1176). 

Symmetrical Dihydro-tetrazines. — Four isomers are possible: 

CH.— N=N CH-N N CH— NH— N . CH,— N=N 

I. . * . II. . .. III. .. .. IV. . * 

N =-N— CHj NH-NH— CH N NH— CH NH — N=CH 

known as C-Dihydrotetrazine, iV.T^-Dihydrotetrazine, N,s-Dihydro- 
tetrazine» and C,iV-Dihydrotetrazine respectively. 

By oxidation the N,i;-dihydro-tetrazines easily pass into the corre- 
sponding tetrazines, from which they are also obtained by reduction. 
We may note the easy transformation of the N,?!;--dihydrotetrazines 
• into AT-aminotri azoles: 


N-CH— NH N-CIIv 

> >N.NH2. 

N--CH— Nil N=CH/ 

On heating with water or dilute acids the dihydrotetrazines are 
split up. The hydrolysis always takes place in such a manner that 
two nitrogen atoms, singly linked to each other, form hydrazine, and 
two doubly-linked N-atoms form free nitrogen: 

N N=v HgN— NHa 

COjH.C^ >C.COoH >CO^H,CO^H COgH.CO^H, 

^NH — NH'^ HgN— NHa 

Bis-diazo-acetic Acid. 

.N— NH. HjN— NH2 

COaH.C^ >CH.COoH > COgH.CHO CHO COgH. 

^N=.N-^ “ Na • 

Pseudo-diazo-acetic Acid. 

>N N=^ 

A/',i^-Dihydrotetrazine, cH^^j^_^jj^cii. light yellow prisms, m.p. 

126°, is formed by the reduction of tetrazine with SH,. On fusion it 
transposes into iV-aminotriazole (see above). ^ Mineral acids split it up 
into hydrazine and formic acid (B. 40, 821). 

The foundation substances for the preparation of the simplest 
tetrazine and dihydj'ottitrazine derivatives are the polymerization 
products of diazo-acetic ester (B. 41, 3161). Treatment of diazo- 
acetic ester with cold concentrated KHO produces the tri-potassium 
salt of C,Ar-dihydrotetrazine dicarboxylic acid, pseudo-diazoacetic acid, 

.N— NKv 

CO,K.C< >CH.C0jK, from which the free acid has not yet been 

\n=n 

isolated. On heating with concentrated alkalies, ^sfiwio-diazoacetic 
acid is transposed into Ar,i;-Dihydrot6trazinedicarboxylic acid. Bis- 

.. , .N-— -N=. 

diazoacettc acid, cOaH.c^ ^C.cOjH, with displacement of an 

^NH— NH^ 

H-atom. This bgdy* can alsoHbe obtained direct by the action of con- 
centrated hot alkalies upon diazoacetic ester. Prolonged heating with . 
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highly concentrated KHO converts isodiazoacetic acid into a mixture 
of iV-aminotriazole dicarboxylic acid and C-aminotriazole mono- 
carboxylic acid. On fusion, isodiazoacetic acid splits up into COg 
and dihydrotetrazine, which immediately transposes into iV-amino- 
triazole. 

iV,t;-Dihydro-C-diphenyltetrazine, consisting of yellow needles, 
m.p. 504°. This is produced by the action of excess of hydrazine 
upon benzimido-ether, 

The dihydro-derivative is converted into tetrazine by heating, by 
moderated oxidants, and even by the oxygen of the air. It can be 
regained from the tetrazine by reducing the latter with zinc dust and 
glacial acetic acid. If the body be boiled with these reagents, the reduc- 
tion extends further : ammonia and diphenyltriazole are produced. 
When dihydrodiphenyltetrazine is boiled with hydrochloric acid, it 
forms in part diphenyloxydiazole (p. 138) and in part it becomes the .- 
isomeric i^-aminodiphenyltriazole. 

A^,c-Tetraphenyl-s-dihydro-tetrazine» yellow needles, 

m.p. 204°, is formed from phenyl-nitro-formaldehydrazone with Na 
methylate. Also from benzaldehyde-phenyl-hydrazone or dihydro- 
benzd-phenyl-hydrazone with Na alcoholate and iodine (B. 34 , 

523)- 

AT-Tetraphenyl-hexahydro-tetrazine, (C Jir,)2N2(CH2)2N2(CgH5)2, m.p. 
200°, from hydrazobenzene and formaldehyde (B. 31 , 3250; J. pr. Ch. 
[2], 65 , 97). A derivative of hexahydro-tetrazine is formed from 
phenyl-dibenzyl-carbazide carboxylic ester with alcoholic j)otash 
(B. 34 , 2311) : 

N(CeHB)-~NH-~COOR N(CeH5)— NH—CO 

^ 

CO— N(C7H7)— NH(C7ll7) CO — NlCylly)— NlC^Hy) 

« 

6. Substances consisting of polyhetero-atomic six-membered rings, 
which contain 0- and ^-members, in addition to nitrogen, are not very 
numerous. Some are produced in reactions similar to those in which 
the corresponding five-membered rings are formed. 

Just as the five-membered azoximes are prepared from the amid- 
oximes and carboxylic ‘acid chlorides, so their corresponding six- 
membered ring homologues are prepared from amidoximes and a- 
chloro-fatty acids (B. 22 , 3161; 27 , 3353; 28 , 1374; 29 , 2656; 
31 , 2110) : 


CJIgC— NHg OHCO CeHgC— NH— CO 

II + 1 > II I 

NOH CICH 2 N O — CHj 

Benzenylamidoxime. Chloracetic Benzenylamidoxime-acetic Acid 

Acid. Isoanhydride, m.p. 148®. 

Benzo-derivatives of this ring are formed from the dinitro- 
phenol ethers of amidoximes by means of alkalies with a loss of an 
NOg-group: 


NO, 


!^Vc,h, -52iL > n6,c,h, 

InO, 


fo— N 

' ( + NO,K). 

NH— CC,H, 
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The so-called oxo-diazines, formed by the condensation of iso-nitroso- 
ketones with aldoximes, are regarded as homologues of the azoximes . - 
(B. 40 , 4052) : 


CH,.CH : NOH + 


OC.CH, 


HON:C.CHa 


N— C(OH) (CH,)— C . CH3 
■> II II 

CHa-C O N 

Hydroxytrimethyloxydiazine. 


The five-membered furazans or azoxazoles have corresponding 
six-membered azoxazine derivatives. The reduction of di-iso-nitroso- 
acetone dicarboxylic ester peroxide leads to oxy-azoxazine dicarboxylic 
ester : 


COaRC CO — CCOaR COaRC— C(OH) ^CCOaR 

II II > II I 

N— O— O— N N O ^NH 


• from which a series of additional azoxazine compounds has been pre- 
pared (B. 26 , 999). 

The thiodiazincs or diazothines are homologues of the thio-[&,6i]* 
diazoles. An AT-phenyl-tetrahydrothiodiazinetMone, melting at 94°, is 
formed in the condensation of phenylsulpho-carbazinic acid with 
ethylene bromide (B. 27 , 2516): 


SC SI I 

I 

" NH— N(CeH6)— CHa 


iV-Fhenyl-C-amino-keto-dihydro-tbiodiazine, PhenyUamino-pyriihi- 


azinone, 


OC.CHa.S 

C,H5N.N;C(NH,)’ ™-P- 


176°, is formed by condensation of 


sulpho-cyano-acetic acid with phenyl-hydrazine (B. 33 , 1154). 

A six-membered ring with two S-members and one N-mefhber 
is contained in the thialdincs (see Vol. I.), obtained from the tri-thio- 
aldehydes by the action of ammonia. 


7. SEVEN, EIGHT-, AND MANY-MEMBEEED HETEROCYCLIC 
SUBSTANCES. 

The tendency to forrruhetero-rings with more than six ring members 
is, as already mentioAed, rare, as in the carboxylic compounds. Yet 
the variety of conditions which may give rise to hetero-rings enables, 
in some cases, hetero-rings of seven, eight, or more members to be 
formed. A systematic treatment of these only partly investigated 
substances is at present impracticable. A summary of compounds of 
this class is therefore here appended. 

I. Seven-membered Hetero-Rings. 

CH,-CH3~CH3\ CeH.-CO\^ 

CHj/ CO / t^U^—CO/ CeH*— CO/ 

Hexamcthylene-lmmo ^ r-CaprAactam Diphenlc Acid-anhydride 

(B. 88| 309x)«' * (a. Bd. 1 ). and -imide (S. 337). 
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CH.-C.H,/"" 

Imino'dib^yli 
(A. 805, 100) 


CHj.NHXHj' 
CHj.NH.CH, 

£tbylene*trimethylene- 
diamine (B. 82, 2041}. 


C,H4| 


fNH-C{CH.)s^ 

N=C(CH,)/^“ 

(B.M, 955 ). 


*)CH> 

ene- o<PhenyleDe-trimethyleae- 

(i). diamine (A. 887, 220). 

fNH.CO\ 

C-H4 >CHa 

* ‘Inh.co/ 

O'Phenylenemalonamide (A. 827, 26). 


CHaXHj.N-v 
CHj.CHj. NH/^^*** 

Etbenyl-tetramethylene- 
amidine (B. 86, 338). 


yCH, CH, 

• *\N(C,H,).Nh/ 

AT-Ethylhydrocarb- 

azo-styril. 

(A, 801, 282). 


'\co 


0-Xylylene-mercaptal of 
Acetone (B. 84, i775)- 

‘\CH,.N(C,H 5 )/ 

Carbonyl-O'cimmobcnzyl- 
phcnyl-hydrazme 
(B. 27, 2«97i- 


C.H..NH\co 

C.Hj.NH/ 

Car^nyl-0,0 -diamino- 
dipbenyl (B. 84, 3330). 

*\CaN{C,H^/ 

Ciirbonyl-o-ammobenzoyl- 

phenyl-hydrazine 

(A. 801, 93). 


C,H / \n 

\CO-N(C,H,)/ 
Metbyl-benzylketone-o-carboxylic acid 
pbenyl-lactazam (B. 32, 966). 


C.H 


^CH,-C(C.H.) 


‘\co-o 

Desoxybenzoin-o-carboxylic acid 


> 


N 


N— C.H^x 
.. * * >CHs 

N— C.H./ 

Azo-diphenyl- 

methane 

(C. 1903 I. 1416). 


CH.-N(C.H.)-NH\ 
CII, — N(C,H.)— NH/ 

Car bonyl-etbylene 
Diphenyl -hydrazine 
(A. 810, 156). 


lactazone (B. 18, 2449). 

CO— NIC.H.)— NH/ 

Carbonyl-phenylhydrazlno- 
aceto-pbenyl-hydrazidc 

(A. 810,87). 


2. Eight-membered Hetero-Rings. 


CH2XH2.CH2XO 

MC-Suberonoxime 
(Vol. I.). 


CH2 . CH^NH . CH2 

CH2.NHX.H2.CH2 
Bistnmcthylene- 
diamiiiG (B. 82, 20^8). 


CeH^ -Nil . CO CgH^NH . CO 

NH . CO . CH2 . CHg N H . CO . CeH* 

o-Phcnylcne-succin- o-Phenylene-phthal- 
amide (A. 827, 21). amide (A. 8^, 41). 


Phenylenc-sulphonylide. 


fNH— COl 
C.hJ IC-H. 

* *\cO— NHJ ' * 

Dianthramlide. 


fO-CO\ 


Disalicylide. 


C.H.— N=CC,H, 
C,H.— N=CC,H, 

Diphenyl-diphenoquin- 
oxalin (B. 26, 1704). 


.C,H. N-C{C.H.) 

C(C,H.) --=N— C.H. 


CO.NH.NH.CO 

CO.NH.NH.CO 

Dioxalyldihydrazide (?) 
(J. pr. Ch. [2], 62, 223). 


3. Many-membered Hetero-Rings, 


/CO.NH 

™<CO.NH, 

Sym. Sebacic acid hydrazidc 
(Vol. I). 


(CH, 


'"(co^' 


/CO.l^Hv 


NCeH4NH2 ] NH/^‘^* 

o-Amidoanil and o-Phcnylencdiamide 

of sebacic acid (A. 827, 13). 


CgH 


*\cH2.NH.CHj.CH,/ 


CH| COgRC 


y^N~NH[ 4 ]CeIp 4 CH2.CO.O.CH2.CH2.O.CO.CH2 
\n«N . E4]CeH4 CH2.C0.0.CHa.CH2.0.C0.CH, 


O-Xylylenepentamethylene Cycloformazylcarboxylic Diethylene disuccinate 

diamine (B. 81, 1700). acid ester. (A. 280, 169). 


(?) 
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Acetacetyl-pyridines, 174 
Acetacetyl-quinoline, 200 
Acetamiiio-pyromiicic acid, 18 
Aceto-methyl-pyronone-carboxylic acid, 149 
Aceto-thionone, 25 

Acetonyl-methyl-isoxazolyl ketone, 100 

Acetoxy-triphenyl-furan, 15 

Acetyl-amino-thiophen, 24 

Acetyl-carbazole, 71 

Acetyl-carbostyril, 200 

Acetyl-coumarone, 41 

Acetyl-diphenylenc oxide, 69 

Acetyl-furan, 17 

Acetyl-indoles, 49 

Acetyl-indoxyls, 56 

Acetyl-isatm, 61 

Acetyl-isindazole, 97 

Acetyl-methyl-mdazole, 96 

Acetyl-methyl-isindazole, 97 

Acetyl-raethyl-penthiophcn, 157 

Acetyl-methyl-pyrazole, 81 

Acetyl-mcthyl-pyrazolc-carboxylic ester, 82 

Acetyl-methyl-tolimmazole, i lo 

Acctyl-phcnyl-isindazole, 97 

Acetyl-phenyl-methyl-furan, 17 

Acetyl-phenyl-pyrazolc, 8i 

Acetyl-phenyl-p5rrazoline, 84 

Acetyl-phenyl-pryazoline-dicarboxylic ester, 8 «i 

Acetyl-pi peridinc, 184 

Aceytl-pyrazole, 75 

Acetyl-pyrrole, N-, 29 

Acetyl-quinaldine, 200 

Acridic acid, 219 

Acridine, 2x9, 221 

yellow, 221 

Acridmic acid, 202 
Aendone, 222 
Acridyl-benzoic acid, 220 
Acyloxy-chloro-accto-phenoncs, 43 
Acyloxy-coumarones, 43 
Adenine, 276 
Aldehydlne, 167 
Aldehydo-pyromucic acid, 18 
Alizarin blue, 208 • 

Alkaloids, 225, 226 * 

• Alkyl-acridiaiura compounds, 221 
Alkyl-benzal-doximcs, 10 , 

Alkyl-cinchoninic acids, 201 
Alkyl-dioxindoles, 60 
Alkyl-pyrroles, C, 30 
Alkyl-pyrroles, iV, 29 
Allyl-amino-methyl-pentoxazoline, 260 
Allyl-amino-triazosulpholes, 143 
Allyl-indole, N, 92 
Allyl-piperidino, 183, 186 
Amarine, 107 
Amino-antipyrine, 89 
Amino-benzothiazole, izx 
Amino-benzoxazolc, xi6 
Amino-coumaran, 42 
Amino-cyanidlne, 303 
Amino-diethyl-triazole, 132 • 
Amino-dimethyl-indazole, 90 
Amino-dimcthyl-osotrisolo, X23 


I Amino-dimethyl-pyrimidine, 276 
I Amino-dimethyl-triazole, 132 
! Amino-diphcnyl-cyanidine, 303 
j Araino-diphenyl-osotriarole, 123 
1 Ammo-diphenyl-pyrro-diazole, 127 
1 Amino-diphenyl-tnazinc, 303 
1 Amino-diphcnyl-triazole, 132 
I Amino-ethyl-Rlyoxaline, 106 
Ammo-cthyl-indole, 55 
Amino-furan, 14 
Amino-guanazolc, 134 

Amino'hydroxy-dimethyl-pyrimiiUne, 276 
Ammo-hydroxy-methyl-cthyl-pjrimidine, 276 
Amino-hydroxy-methyl-pyrimidine, 276 
Amino-hydroxy-phenyl-pyrimidinc, 276 
Amino-hydroxy-thiopyrimidine, 276 
Amino-indazoles, 96 
Amino-mdole, 54 
Amino-tsonitroso-isoxazolone, lox 
Amino-lepidone, 199 
Ammo-lutidine, 170 
Amino-lutidinc-dicarboxylic acid, 179 
Amino-methyl-diethyl-pynmidine, 276 
Ammo-methyl-glyoxalme mercaptan, 105 
Amino-methyl-indazole, 96 
Amino-metliyl-mdole, 54 
Amino-inethyl-oxazohnc, 114 
Ammo-methyl-pyro-diazoJe, 127 
Arnino-methyl-thiazole, 117 

Ammo-methyl-thiazole-carboxylic ester, 118 , 

Amino-methyl- triazole, 131 
Amino-naphtho-phenazme, 295 
■ Amino-nicotinic acid, 175 
Amino-osotriazole, 123 
Amino-oxazoline, 114 
Amino-oxindole, 60 
Amino-phenanthro-triazine, 304 
Amino-pheuazines, 294, 295 
Ammo-phenothiaziraes, 267 
Amino-phenyl-benzimmazole, 109 
! Amino-phejpyl-benzindulinc, 298 

Amino-phenyl-dibcnzyl-pyrimidine, 276 
Ainino-phenyl-indole, 54 
Araino-phenyl-isoxazole, 99 . . . 

Amino-phenyl-keto-dihy(ko-thiodiazine, 309 
Amino-phenyl-methyl-ethyl-pyrazole, 80 
Amino-phenyl-methyl-osotriazole, 123 
Amino-phenyl-methyl-pyrazolone, 86 
Amino-phenyl-methyl-pyrro-diazole, 1 27 
Amino-phenyl-methyl-quinoline, 195 
Amino-phenyl-oxazoline, 115 
Amino-phenyl-pyridine, 167 
Amino-phenyl-pyrithiazinone, 309 
Amino-phcnyl-pyrro-diazole, 127 
Amino-phenyl-pyrro-diazole-carboxyllc ethyl ester, 

127 

Ammo-phenyl-quinoliue, 197 
Amino-phenyl- tniazole, ii 7 
Amino-phenyl-toluoxazole, 115 ^ 

Amino-phenyl- toluthiazole, 120 
Amino-phenyl-triazole, 131 
Amino-phenyl-urarole, 134 
Amino-^stfM<w-lutido-styril, 171 
Amino-pyrazole, 79 
Amino-p}^idines, 170 
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Amino-pyrimidine, 276 
Amino-pyromucic ester, 18 
Amino-pyrrodiazoles, 127 
Amiao-pyCToles, 33 
Amino-quinaldines, 197 
Amino-quinolines, 196, 197 
Amino-quinoialine-carboxylic acid, 288 
Amino-tetrainethyl-pyrrolidine, 38 
Amino-tetrazoJe, 145 
Amino-tetrazolic acid, 145 
Amino-thiazole-carboxyhc acid, n8 
Amino-tl^azoles, zi7 
Amino-thiO'dipbenylamine, 266 
Amino-thionapbthen, 46 
Amino-thionaphthen-carboxylic acid, 46 
Amino-thiopben, 24 
Amino- triazolc-carboxylic acid, 132 
Amino-trinzole-dicarboxylic acid, 132 
Amino- triazoles, 131 
Amino-triazosulpbole, 143 
Amlno-trimetbyl-pipcridincs, 185 
Amino-trimethyl-pyrazole, 79 
Amino-urazole, 134 
Ammelide, 303 
Ammoncbclidouic acid, 178 
Anagyrine, 230 
A nagyris fcetida, 230 
Analgene, 197 
i4«<i-qumdolme, 217 
Awfl-quindoline-carboxylic acid, 218 
Anhydro-bases, 119 
Anliydro-ccgonine, 237 
Anillno-bcnziminazoline, 112 
Anilino-benzothiazole, 121 
Anilino-benzoxazolc, 116 
Anilino-dipheiiyl-dihydro-triazole, 1 3 1 
Amlino-methyl-pentoxazoline, 260 
Anilino-methyl-pyrro-lab]-di<izole, 127 
Anilino-mctliyl-thiazonne, 119 
Anilino-methyl-triazole, 127 
Anilino-phenyl-tsoquinoline, 212 
AniUno-phenyl-pbcnoxazimc, 2G4 
AniJmo-phenyl-pyrro-diazole, 127 
Anilino-phenyJ-tetrazolc, 146 
Anilino-phenyl-triazole, 131 
Anilino-phenyl-urazole, 134 
Anilino-p>Tidirie, 170 
Anilino-pynne, 89 
Anilino-pyrro-diazole, 127 

Anilino-pyrro-diazolecarboxyhc ethyl ester, 127 

Anilino-qumolmc, 197 

Aniluviibninic acid, 201 

Anisyl-tetrazole, 145 

Antlia-di-isoxazole, 102 

Anthrauil, loi 

Anthrapyridine quinone, 224 

Anthrapyridincs, 224 

Anthra-qumoline, 208 

Antbra-qumonc-azinc, 292 

Antbra-quinone-quinolines, 208 

Anthrazine, 292 < 

Anthro-isoxazole, 102 

Antipyrine, 87, 90 

Apigenin, 153 

Apiin, 153 

Apo-atropine, 233 

Apocyanines, 193 

Apo-morpbine, 247 

Apopbyllenic acid, 177 

Apo-safranme, 298 

Apo-safranone, 299 

Areca catechu^ 229 

Arecaidine, 229 

Areca/ne, 229 

Aiecoliuc, 229 

Aryl-dioxlndoles, 60 

Airopa belladonna., 233 

Atropamine, 233 

Atropine, 233 

Azi-methylene, 10 

Azimido-benzene, 128 

Azimidols, zaS 

AziminO’t^zencs, 127 

Azines,a58 
Azocarznme, 299 


“ Azodiphenylene,” 29X 
Azo-mdazole, 97 
Azo-lepidine, Z97 
Azoles, 72 
Azo-quinoline, X97 
Azosulpbime anilides, 139 
Azosulphimes, 139 
! Azo-tetrazole, 146 
I “ Azothionium ” salts, 266 
j Azoxazoles, 135 
1 Azoximes, Z37 
I Azoximtbiocarbinols, Z37 
I Azulmic acid, IX 

i Ben/al-oxindoi.r, 60 
i Bcnzal-pyrazolone, 86 
' Benzanthrone-quinoline, 208 
! Benzcne-azo-lutidine, 170 
I Benzenc-azo-methyl-indole, 53 
j Benzene-azo-phenyl-indole, 53 
Benzene-azo-quinoline, 197 
Benzene-hydrazo-quinoline, 197 
Benzenyl-azoxime-thio-carbinol, 137 
Benzcnyl-carbonyl-azoxime, 137 
Benzenyl-tetrazolic acid, 145 
Benzilain, 114 
j Benzilo-tropcine, 234 
I Benziminazole, 109 
, Benzmmazolp-dicarboxylic acid, iio 
! Benziminazoles, 108 
I Benziminazolines, i/i 
j Bcnziminazolinols, iii 
■ Benziminazolone, 112 
I Benzindiiline, 298 

; Bcnzisotbiazole, 120 . 

j Beiizisoxazqle group, loi 
' Berizo-azimidol, 128 
i Benzo-biS'imin.izoles, iii 

' Bcnzo-bis-phenyl-pyrazolonc-dicarboxylic acid, 98 
Benzo-dihydro-thiazine anil, 265 
I Bcnzo-dihyclro-thio-nietoxaziiie, 260 
Benzo-dihytlro-thiotbiazinc, 265 
Benzo-flavitie, 221 
Bcnzo-ftlvoxaiines, io8 
Benzole-indone, 299 
Benzo-metathiazine, 265 
. Benzo-metoxazones, 260 
Benzo-raorpholine, 261 

, Benzo-morpholonr, 202 
Benzo-orthodiazincs, 271 
I Benzo-orthoxazinone, 259 
Bcnzo-paradiaziucs, 285 
' Benzo-paroxazine, 261 

Benzo-phenonc sulphide, 158 
Benzo-phenone-sulphone, 158 
Benzo-pyranols, 15Z 
I Benzo-pyrazolone, 98 
j Beiizo-pyrone, 151, 152, Z53 
I Benzo-pyrrodiazoJes, 127 
! Benzo-thiazole, 120 
! Bcnzo-thiazole-carboxylic acid, r2Z 
, Benzo-thiazolcs, zzq 
' Benzo-thiophen, 44 
1 Benzoxazoles, 115 
I Benzoyl-coniine, 228 
i Benzoyl-coumarondJ 42 
! Benzoyl-furan, z7 
Benzoyl'indolme, 58 
Benzoyl-isatln, 6r 
Benzoyl-methyl-toliminazole, no 
Benzoyl-phenyl-hydrazi-methylene, 10 
Benzoyl-phenyl-pyrazole, 8z 
Benzoyl -piperidine, 184 
Benzoyl-pyrazole, 75 
Benzoyl-pyrrole, N-, 29 
Benzoyl-pyrrolidine, 36 
Benzoyl-lctrahydro-woquinoline, 214 
Benzoyl-tropine, 236 
Benzoylene-bcnziminazole, zxz 
Benzyl-acridine, 220 
Benzyl-dihydro-tsoquinoline, 2x4 
Benzyl-diphenyl-dihydro-pyrazine, 284 
Benzyl-indazole, 96 c 
Benzyl-tioquinolines, 2x1 
Benzyl-pheno-dihjrdro-triikine, 305 
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Benzyl-phthalazine, 273 
Benzyl-phthalazone, 273 
Benzyl-piperidine, 183 
Benzyl-piperidine oxide, 183 
Benzyl-p^dines, 167 
Benzylene-benziminazole, no 
Benzylene-i^-thiourea, 265 
Benzylidene-amino-txiazole, 132 
Bcnzylidene-dilepidine, 194 
Benzylidene-diqumaldine, 194 
Benzylidene-methyl-dihydropyridiries, 1 67 
Benzylidene-methyl-isoxazoloncs, 100 
Benzylidene-nitro-acetophenone, 66 
Benzylidin-lepidine, 194 
Benzylidine-quinaldine, 194 
Benzylol-picoline, 174 
Berberal, 256 
Berbcrinal, 256 
Berbeiioe, 255 

synthesis of, 234 

Berberis vulgaris, 255 
Berberonic acid, 178 
Berbenibin, 257 
Betaines, zi 

Biphcnyl-methalolide, 152 
Bis-benzimmazoles, in 
Bis-benzothuzolc, 121 
Bis-coumaran-dione, 44 
Bis-diazoacetic acid, 307 
Bis-glyoxahdine, 107 
Bis-glyoxalme, 104 
Bis-hydroxy-tetrazole, 146 
Bis-tetrazole, 145 
Bis-thio-indoxyl, 48 
Bis-triajole, 132 
Brilliant indigo, 68 
Bromo-acndine, 222 
Bromo-coumaranone, 43 
Bromo-coumarones, 41 
Brorno-ethyl-pyndme, 173 
Bromo-furan, 14 

Bromo-hydrox y- thionaph then , 4 5 
Bromo-methyl-furfural, 17 
Bromo-methyl-osotnazolc, 123 
Bromo-methyl-pynuole, 79 
Bromo-nitro-coumaronc, 41 
Bromo-phenyl-pyrimidine, 277 
Bromo-pyr.izole, 79 
Bronio-pyrtdincs, 169 
Bromopyromucic acids, z8 
Bromo-pyronc, 149 
Bromo-qiiinolines, 196 
Bromo-tetrazole, 145 
Bromo-thiazole, 117 
Bromo-thiopheu, 23 
Bromo’triazole, 13 1 
Bromo-triphenyl-pyrazole, 79 
Brucic acid, 245 
Brucine, 245 

oxide, 245 

peroxide, 245 

Brucinolic acid. 245 
Brucinolone, 2^5 
Brucinonic acid, 245 
Bulbocapnine, 258 

Cacotheline, 246 
Canadine, 256 
Cannabis saliva, 229 
Capri blue, 264 
Carbazole, 70 

blue, 71 

Carblndigo, 213 

Carbo-cinchomcronic acid, 178 
Carbo-pyrotri tartaric acid, 19 
Carbouy 1-amino-phenol, 116 
Carbonylazoximes, 137 
Carbonyl-pyraole, N~, 29 
Carbonyl-thiocarbanUide, 12 
Carbostyril, 198 
Carboxylic acids of furan, z8 
Carlina oxide, 15 
Cevadine, 246 
Cevine, 2^6 
Chelidamic acid, 178 


Chelidonic acid, 150 
Cheltdoniummaius, 130 
Chloracridinium, 222 
Chloro-acetyl-indazole, 97 
Chloro-acridine, 222 
Chloro-benzothiazole, X20 
Chloro-benzyl-indazole, 97 
Chloro-bromo-indole, 53 
Chloro-carbazolcs, 71 
Chloro-cinnoline, 272 
Chloro-codidc, 248 
Chloro-copazolme, 281 
Chloro-dimethyl-glyoxaline, 105 
Chloro-dimethyl-nicotinic acid, 176 
Chloro-dimethyl-pyrimidines, 276 
Chloro-dimethyl-quinolme, 52 
Chloro-diphenyl-cyanide, 303 
Chloro-diphenyl-triazole, 131 
Chloro-hydroxy-woquinoline, 212 
Chloro-hydroxy-phenoxazone, 264 
Chloro-indazole, 97 
Chloro-indole, 53 
Chloro-isobutyl-phthalazine, 272 
Chloro-Moqumolines, 212 
Chloro-lepidine, 52 
Chloro-lutidine, 169 

dic.arboxylic acid, 179 

Chloro-methyl-furfural, 17 
Chloro-mcthyl-glyoxalme, 105 
Chloro-mcthyl-indazole, 97 
Chloro-riicthyl-osotriazole, 123 
Chloro-methyl-phenyl-pyrimidme, 276 
Chloro-methyl-phthalazine, 272 
Chloro-methyl-pyrro-diazole, 125 
Chloro-methyl'triazole, 131 
Chloro-nicotmic acid, 175 
Chloro-phenanthridine, 216 
Chloro-pheayl-»5oquinolines, 212 
Chloro-phenyl-methyl-pyrazole, 79 
Chloro-phenyl-mustard oil, 120 
Chloro-phenyl-pyrazoles, 79 
Chloro-pheiiyl-pyrazolone, 93 
Chloro-phcnyl-pyridme, 169 
Chloro-phenyl-pyrimidine, 277 
Chloro-phenyl-pyrro-diazole, 125 
Chloro-phenyl-quinazoliiie, 278 
Chloro-phenyl-triazine, 303 
Chloro-phenyl-triazole, 131 
Cliloro-phth.iiazine, 272 
Chloro-propyl-phthalazine, 272 
Chloro-pyrazole, 79 
Chloro-pyridine, 28 
Chloro-pyridines, 169 
Chloro-quinaldine, 52 
Chloro-quinazolmes, 278 
Chloro-quinolines, 196 
Chloro-thiazole, 117 
Chloro-thiophen, 23 
Chloro-triazole, 13 1 
Chloro-tribromo-pyrrole, 32 
Chromone,»52, 153 
Chrysaniline, 221 
Chrysin, 153 
Ciba blue, 68 

scarlet, 45 

violet, 63 

Cmcholoiponic acid, 241 

synthesis of, 241 

Cinchomeronic acid, 176 
Cinchomeronimide, 177 
Cinchomeronimidine, 177 
Cinchomcryl-glycme ester, 177 
Cinchona bark, 239 
bases, 239 

oxidative decomposition of the, 241 

Cinchona Calisaya, 239 

Huanaco, 240 

land folia, 239 

Piiayensis, 239 

Cinchonic acid, 176 
Cinchonidine, 240 
Cinchonine, 240 « 

group of alkaloids, 239 

Cinchonlnic acid, 20 z 
Qnchotoxine, 242 
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Cinnamoyl'pyrroles, 33 
Clnnamyl-toUmlnazole, xzo 
Cinnolines, 371 
' Citrasinic acid, 179 
CUrus auraniium, 37 
Cocame, 336 
Codeine, 347 
Codeinone, 348 
rozenes, 156 
tulem, 157 
Collidine, J67 

Collldine-dicarboxylic acid, 178 
Comanic acid, 150 
Comenamic acid, 179 
Comenic acid, 150 
Condensed quinolines, 206 
Conhydrine, 328 
Conicemes, z8i, 329 
Coniine, 236, 228 
Conium maculatum, 226 
Conyl urethane, 228 
Con3rrine, 167 
Copazoline, 281 
Copellidinc, 1S4 
Copyriiie, 177 
Corybulbinc, 258 
Corydaldine, 258 
Corydaline, 257 
Corydedis cava, 257 
Corydine, 258 
Corytuberine, 238 
Cotamine, 251 

and narcotine, synthesis of, 254 

Coumalic acid, 148 
Coumalin, 148 
Coumaran, 42 

Coumaran-carboxylic acid, 42 
Coumarandione, 43 

Coumarandione-dimethylamino-anil, 44 
Coumaranone-carboxylic ester, 43 
Coumaranones, 42 
Coumarilic acid, 42 
Coumarins, 151 
Coumarone, 40 

group, 39 

resins, 40 

Cumazonic acids, 260 
Cumylcne diazosulphide, 142 
Cupreme, 241 
Cyanalkines, 276 
Cyanemine, 276 
Cyanines, 193 

Cyano-alkyl-dihydro-acridines, 222 
Cyano-benzyline, 276 
Cyano-coniine, 275 
Cyano-methine, 276 
Cyano-phenyl- triazole, 123 
Cyano-pyrrole, N-, 29 
Cyanphenine, 302 

Cyanthrene. 208 • 

Cyanuric acid, 303 
Cyctodiphenylene’tetrazolium chloride carboxylic 
estCT, 147 
Cytisine, 230 
Cytisolidine, 230 
Cytisoline, 230 
Cytisus, 230 

Datura stramonium, 2 ^ 

Decahydro-acridinedione, 223 
Decahydro-quinolines, 205 
Dehydracetic acid, 149 
Dehydraceto-carboxylic acid, 149 
Dehydro-corydaline, 257 
Dehydro-indigo, ^ 

Dehydro-quinacridone, 224 
Dehydro- tniotoluidinc, 120 
Desbxy-strychnine, 245 
Diacetyl-indoxyi, 56 
Diacetyl-lutidine, i74 
Diacetyl-methyl-pyrazole, 81 
Diacetyl-phenyl-pyrazole, 81 
DiammO'Cyanidine, 303 
Diamlno-dihydrozy-pyrimidine, 276 
*Dian)ino-dimethyl-acridine, 32 z 


Diamlno-diphenylene oxide, 69 
Diaznino-lutidine, Z70 
Diamino-nicotinic acid, X75 
Diamino-phenazone, 374 
Diamino-pbenyl-acridine, a2Z 
Diamino-phenyl-osotriazole, Z23 
Diamino-pyrazole, 79 
Diamino-ouinoxaline, 288 
Diamino-tnio-diphenylamine, 266 
Diamino-thiopyrimidine, 276 
Diazo-acetic acid ester anhydride, Z30 
— ■ ■ ester, xz 

Diazo-acetyl-acetone-anhydride, z 39 
Diazo-amino-pyridine, Z70 
Diazo-benzoyl-acetone-anhydride, z 39 
Diazo-indazole, 96 
Diazo-methanc, zo 
Diazo-methane-disulphonic acid, zz 
Diazo-propionic ester, zx 
Diazo-pyrroles, 33 
Diazo-succmic ester, zi 
Diazo-tetrazole, X45 
Diazo-tetronic acid anhydride, 139 
Diazo-thiazolc hydrate, 117 
Dibenzene-sulphonyl-methylene-phenylene-dla- 
mine, zii 

Dibenzcnyl-azoselenime, 139 
Dibenzenyl-azosulphime, Z39 
Dibenzenyl-azoxime, 137 
Dibenzo-turan, 69 
Dibenzo-paradiazines, 289 
Dibeiizo-paroxazinc, 2G2 
Dibenzo-pyridazine, 273 
Dibenzo-pyrrole, 70 
Dibenzo-tbiophcn, 70 
Dibeiizoyl-furan, 17 
Dibenzoyl-furazan, Z35 
Dibenzoyl-furoxari, 136 
l^ibenzyl-diphenyl-dihydro-pyrazine, 284 
Dibenzyl-indoxyl, 56 
Dibenzyl-isazoxime, 138 
Dibenzyl-piperazine, 285 
Dibcnzvl-pyridine, 167 
Dibromo-ooumaranoncs, 43 
Dibromo-diaitro-pyrroie, 32 
Dibromo-diphenylene oxide, 69 
Dibrorno-f ormal- tctrazyl-hydrazone, 1 46 
Dibromo-furoxan?, 136 
j Dibromo-indigo, 68 
[ Dibronio-keto-dibydro-thionaphthen, 45 
Dibromo-mcotme, 231 
Dibromo-pyridazone, 270 
Dibromo-pyronc, 149 
Dibromo-thiophen, 23 
Dibrorno-triacctone-amine, 185 
Dichloro-dibromo-pyrrole, 32 
Dichloro-dinicotinic acid ester, 179 
Dichloro-iuroxans, 136 
Dichloro-indole, 53 
Dichloro-tsonicotinic acid, 179 
Dichloro-tsoquinolincs, 212 
Dichloro-methyl-dimetliyl-indolcnipc, 52 
Dichloro-methyl-ethyl-pyriraidine, 276 
Dichloro-pheqyl-pyrazole, 79 
Dicliloro-phenyl- triazole, X3z 
Dichloro-pyridlne, 169 
Dichloro-quinazoline, 278 
Dichloro-quiribline, X96 
Dichloro-quinoxaline, 288 
Dichloro-thiophen, 33 
Dicoumaryl ketone, 42 
Didecyl-furodiazolc, 138 
Diethenyl-azoxime, Z37 
Diethoxy-chloro-cyanidines, 303 
Diethyl-furo-diazole, Z38 
Diethyl-indolenine-carboxylic acid, 35 
Diethyl- trii^zole, Z30 
Difurfur-propionic acid, z^ 

Difurfur-succinic acid, x7 
Difurfural-triacctophenone, x6 
Difuryl- triazole, Z30 ' 

Dihydro-acridine, 23Z 
Dlhyd|o-anthraauiifene-azine, 292 
Dihydro-arecaidine, 229# 

Dihydro-cinnoline, 272 
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Dihydro'coumarone, 42 
Dihydro-furan, 20 
— — derivatives, 20 
Dihydro-furan-dlcarboxylic acid, 19, 20 
Dihydro-glyoxalines, zo 
Dihydro- tsoqulnoUnes, 2x4 
Dihydro-memyl-indole, 58 
Dihydro-naphthiaoline, 217 
Dihydro-oxazoles, X14 
Dihydro-oxydiazole, 13S 
Dihydro-phenanthridine, 216 
Dihydro-phenazone, 273 
Dihydro-pyrroles, 2 : 3, 36 

2 : 5 , 36 

Dihydio-quiaacridine, 224 
Dihydro-quiaaldine, 203 
Dihydro-quiaazoUne, 279 
Dihydro-quinolines, 203 
Dihydro-strychnine, 245 
Dihydro-strychnoline, 245 
Dihydro'tetrazine, 307 
Dihydro-tetTtizine-dicarboxylic acids, 307 
Dihydro-thiazoles, zi8 
Dihydro-thiodiazole, 140 
Dibydroxy-anthraquinone-quinoline, 208 
Dihydroxy-copazolme, 281 
Dihydroxy-coumaranone, 43 
Dihydroxy-dimethyl-pyrimidine, 276 
Dihydroxy-dmicotiiiic acid, i 79 
Dihydroxy-diphenyl-tetrazolmm betafne, 147 
Dihydioxy-flavone, 153 
Dihydroky-flavonol, 154 
Dihydroxy-methyl-cyanidine, 303 
Dihydrpxy-methyl-wonicotinic acid, 179 
Dihydroxy-methyl-triazme, 304 
Dihydroxy-nicotmic acid, 179 
Dihydroxy-picoline-carboxylic acid, 179 
Dihydroxy-picolinic acid, 179 
Dihydroxy-pyridines, 172 
Dihydroxy-quinolines, 200 
Dihydroxy-tnio-cyanidme, 303 
Dihydroxy-xarithoiies, 156 
Di-imino-urazole, 134 
Di-indogen, 57 
Di-indoxyl, 69 
Di-iodo-dinitro-p3rrToIe, 32 
Di-iodo-furan, 14 
Di-iodo-furoxaus, 136 
Di-Mobutyl-furo-diazole, 138 
Di-isopropyl-furo-diazolc, 138 
Diketo-dihydro-thionaphthen, 46 
Diketo-hydropyrindene-carboxylic ester, 198 
Diketo-julolidinc, 206 
Diketo-pcnthiazolidme, 265 
Diketo - phenyl - pyrrolidine carboxylic ester, 
38 

Diketo-piperazines, 285 
Diketo-pjrazolidine, 93 
Diketo-tetrahydro-furan-dicarboxylic acid, 20 
Diketo-tetrahydro-pyridazine, 271 
Diketo-tetrahydro-qiiinazoline, 281 
Diketo-tetrahydro-tniazole, 119 
Diketo- triazolidine, 133 
Dilepidone, 199 , 

Dimethoxy-chloro-cyanidinesf 303 
• Dimethoxy-dihydro-tsoquinoline, 215 
Dimethoxy-uoquinoline, 211 
Dimethyl -aendone, 223 • 

Dimethyl-amino-antipyrine, 89 
Dimethyl-amiuo-phenyl-acridine, 220 
Dimethyl-azi-ethane, ii 
Dimethyl-benziminazolinol, XX2 
Dimethyl-benzo-difuran-dicarboxylic ester, 44 
Dimethyl-benzyMibydro-acridmes, 221 
Dimethyl-bisfuro-diazole, 138 
Dimethyl-bisthio-diazole, 140 
Dimethyl-carbazole, 7x 
Dimethyl-coumalic acid, 148 
Dimethyl-coumalin, 148 
Dimethyl-coumarone, 41, 43 
Dlmethyl-diacetyl-pyrrole, 24 
Dimethyl-diamino- toluphen^iue, 293 
Dimethyl-dibenzoyl-osotelrazine, 306 « 

D^ethyl-diethyl-pyrrcie, 31 
Dimethyl-dihydro-ttoquinoline, 2x4 


Dimethyl - dihydro - pyridazine-dicarbox3dic ester 
270 

Dimethyl-dihydro-quinaldine, 203 
Dimethyl-dihydro-quinoliae, 203 
Dimethyl-ethyl-dihydro-acridines, 22 z 
Dimethyl-cthyl'indolenine, 53 
Dimethyl-ethyl-pyrrole, 31 
Dimethyl-furan, 14 
Dimethyl-furaa-carboxylic acid, 19 
Dimethyl-furan-dlcarboxylic acid, 19 
Dimethyl-furazao, 135 
Dimethyl-furoxan, X36 * 

Dimethyl-glyoxalines, Z04 
Dimethyl-hydroxy-pyridine-carboxylic acid, 178 
Dimethyl-mdazole, 96 
Dimethyl-indazole-azo-mesitylene, 96 
Dimethyl-mdigo, N-, 68 
Dimethyl-indole, 32 
Dimetbyl-indole-carboxylic acid, 55 
Dimethyl-indolenine, 39 
Dimethyl-indolines, 59 
Dimethyl -indolinone, 59 
Dimethyl-isindazole, 97 
Dimethyl-isoxazolone, xox 
Dimethyl-naphtho-phenoxazimc chloride, 264 
Dimethyl-nicotinic acid, 176 
Dimethyl-osotriazole, 123 
Dimethyl-oxazole, 113 
Dimcthyl-oxazolidine, 114 
Dimethyl-oxydiazole, 138 
Dimethyl-oxypyridme, 172 
Dimethyl-phenazine, 291 
Dimetliyl-phenazone, 274 
Dimethyl-phenoxazme, 262 
Dimethyl-phenyl-dihydro-acridines. 221 
Dimethyl-piperazine, 28s 
Dimethyl-piperideine, 181 
Dimethyl-piperidine, 184 
Dimethyl-pyrazinc-dicarboxylic acid, 283 
Dimethyl-pyrazines, 283 
Dimethyl-pyrazole, 77 
Dunethyl-pyrazole-carboxylic acid, 82 
Dimethyl-pyridazine, 269 
Diracthyl-pyridazinc-dicarboxylic ester, 269 
Dimethyl-pyridine-tricarboxylic acid, X78 
Dimethyl-pyridines, 167 
Dimethyl-pyridone, 171 
Dime thy 1 -pyrimidmes, 275 
Dimethyl-pyrone, 148, 149 
Dimethyl-pyrone-carboxylic acid, 148 
Dimethyl-pyrone-dicarboxylic acid, 150 • 
Dnnethyl-pyrrole-aldeliydc, 33 * 

Dimethyl-pyrrole-carboxylic acid, 33 
Dimethyl-pyrrole-dicarboxylic acid, 35 
Dimethyl-pjnroles, 30 
Dimethyl-pyrrolidine, 37 
Dimethyl-pyrryl-propionic acid, 35 
Dimethyl-quinazoline, 278 
Dimethyl-quinoliues, 194 
Dimethylviuinoxalinc, 287 
Dunethyl-quinoxalone, 289 
Dimethyl-^eno-diazole, 140 
Dimethyl-selenophen, 26 
Dimethyl- tetrahydro-isoquinoline, 215 
Dimethyl-tetrahydro-pyrone-dicarboxylic diethyl 
esters, xsx 

Dimethyl- thiazole, X17 
Dimethyl-thienyl-carbinol, 24 
Dimethyl- thio-diazole, X40 
Dimethyl-thiophens, 23 
Diraethyl-toliminazoles, no 
Dimethyl-toluquinoxaline, 287 
Dimetbyl-triazole, Z30 
Dimethyl-xanthene, X55 
Dimethylol-collidine, X73 
Dimethylol-lepidine, 194 
Dimethylol-lutidine, 173 
Dimethylol-plcoline, 173 
Dimethylol-<]^uiaaldiue, 194 
Dinaphthaendines, 220 
Dinaphthacridone, 223 
Dinaphthazo-thione, 268 
Dinaphtho-pyrroles, 71 
Dinaphtho-tmophen, 70 
Dinaphtho-xantbenc, 135 
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Dinaphtho-xanthones, 156 ' 

Dinaphtbo-xanthydrol, 155 
Diaicotinic acid, X77 
4i>initro>dimethyl indazoles, 96 
Dinitro'diphenyl diacetylene, 66 
Dmitro*diplienylene oxide, 69 
Dinitro'furan, 14 
Dinitro-hydroxy-pyridine, 169 
Dinitro-indole, 53 
Dmitro-methyl indazoles, 96 
DiuitTo-phenoxazme, 262 
Dinitro-phcnylpyridine, 168 
Dinitro'piperazine, 285 
Dinitro-pyrrole, 32 
Dinitro-thio-diphenylamiue, 266 
Dinitro'thiophen, 24 
Dioxindole, 60 
Dioxy-copyrme, 177 
Dioxy-copyrine-carboxylic ester, 177 
Dipentadecyl-furo-diazole, 138 
Dipheaantbacridine, 220 
Diphenylamine sulphoxide, 266 
Diphenylamino-pheno-dihydro- triazin e, 30 5 
Diphenyl-benzo-pyranol, 152 
Diphenyl’bisfuro’diazole, 138 
Diphenyl'bisthio-diazole, 140 
Diphenyl-cinchoninic acid, 201 
Diphenyl-cyanidine, 302 
Diphenyl-diacipiperazine, 285 
Diphenyl-dihydrazi-methylene, 10 
Diphenyl-dibydrofuraQ, 20 
Diphenyl-dihydro-phenazine, 294 
Diphenyl-dihydro-pyrazine, 284 
Diphenyl’dihydro>quinoxaline, 288 
Diphenyl-dihydro-tetrazine, 308 
Dlphenyl-diketo-hexahydro-triazine, 304 
Diphcnyl-diketo-piperazine, 285 
Diphenyl-dimethyl-cinchoninic acid, 201 
Dipheayl-dimethyl-dihydro-pyrazme, 284 
Diphcnyl-dimethyl-pyrazme, 28 \ 
Diphenyl-dimethyl tetrahydropyrone, 15 1 
Diphenyl-^wdanilmo-dihydro-triazole, 1 ? i 
Diphenyl-fluorindine, 301 
Diphcnyl-furan, 14 
Diphenyl-furazan, 135 
Diphenyl-furoxan, 136 
Diphenyl-glyoxaline-mercaptan, 105 
Diphenyl-glyoxaliiies, 105 
Diphenyl-hexahydro-pyrimidine, 277 
Diphenyl-hydropyrindene, 198 
Dipheny^-iminazolone, 107 
Diphenyi^keto-dihydro-pyrazme, 284 
Diphenyl-keto-tetrahydro-triazmes, 304 
Diphenyl-methane-sulphone, 158 
Diphenyl-methyl-benzeneazo-pyrazole, 80 
Diphenyl-methyl-cyanidme, 302 
Diphenyl-methyl-dihydro-quinoxalinc, 289 
Diphcnyl-methyl-oxazole, 113 
Diphenyl-naphtho-a-dihydro-triazinc, 305 
Diphenyl-osotetrazine, 306 
Diphenyl-osotriazole, 123 
Diphenyl-oxazoles, 1x4 
Diphenyl-oxydiazolc, 138 
Dii^cnyl-piperazine, 285 
Diphenyl-piperidine, 184 
Diphenyl-pyrazines, 283 
Diphenyl-pyrazole, 78 
Diphenyl-pyrazolc-carboxylic acid, 83 
Diphenyl-pyrazolone, 87, 90 
Diphenyl-p3n:idazine, 269 
Diphenyl-pyridine, 168 

carboxylic acid, x76 

Diphenyl-pyridone, 171 
DiphOTyl-pyrrole-dicaxboxylic ester, 35 
Diphenyl-pyronc, X50 
Diphenyl-pyrro-diazole, 125, 130 
Diphenyl-pyrro- triazoles, 145 
Diphenyl-pyrrole-carboxylic acid, 35 
Diphenyl-quinoxaline, 287 
Diphenyl-^eno-diazole, 140 
Dipheayl-sulpbonone-dihydro-pyraziue, 284 
Diphenyl-tetrahydro-pyrone, X51 
Diphenyl-tetrahydro-pyronc-dicarboxylic diethyl 
esters, 15 x 

Diphenyl-tetrahydro-quinoxaline, 289 


Diphenyl-tetrazine, 306 
Diphenyl-tctrazolium chloride, 147 

carboxylic acid, X47 

Diphenyl-thienyl-carbinol, 24 
Diphenyl- thio-diazole, X40 
Dlphenyl-thiophen, 23 
Diphenyl-thio-urazole, 134 
Diphenyl- triazole, X30 
Diphenyl- triazoles, 130 
Diphenyl-urazme, 134 
Diphenyl-xanthene, 155 
Diphenylene-imine, 70 
Diphenylene ketone oxides, 154, 156 

oxide, 69 

sulphide, 70 

— — sulphone, 70 
Dipicolinic acid, 17? 

Dipropyl-furo-diazole, 138 
Dipyracridine, 223 
Dipyridyls, 168 
Dipyrroyl, 33 
Dipyrryl keione, 33 
Diquinacndine, 224 
Diquinolyl-qumoline, 195 
Di-quinolyls, 195 
Dithienyl, 23 
Dithienyl-ethane, as-, 23 
Dithionyl-ethylene, sym-, 23 
Dithienyl ketone, 25 
Dithienyl-inethane, 23 
Dithieuyl-phenyl-mcthane, 23 
Ditluo-wonicotinic acid, 179 
Dithio-urazole, 134 
Dubois la myoporoides, 23 ^ 

Ecgonine, 234, 237 

disintegration and synthesis of, 237 

Ecgoninic acid, 237 

Epiosin, no 

Erythroxylon roc.i, 236 

Ethenyl-amino-phcnoi, 115 

Ethenyl-benzenyl-azoxime, 137 

Ethoxy-aretarnino-quinolinei 197 

Ethoxy-beuzothiazole, 120 

Ethoxy- betizoxazolc*, xi6 

Ethoxy-coumalin-ilicaiboxylic acid ester, 148 

Ethoxy-couraaroucs, 41 

Ethoxy- lutidinc, 172 

Ethoxy-mcthybindolc, 58 

Ethoxy-phenyl-mcthyl-pyrazole, 8 1 

Ethoxy-pheiiyl-pyrazolc, 80 

Ethoxy-pyndine, 171 

Ethoxy-quinoline, 199 

Ethoxy- toliminazole, 112 

Ethylamino-triazosulpholcs, 143 

Ethyl-benzoxazolonc, iz6 

Ethyl-carbazole, 71 

Ethyl furan-a-carbonylate, 18 

Ethyl-glyoxalidine, 107 

Ethyl-indole, N-, 52 

Ethyl -indolmone, 59 

Ethyl-indoxyl, 57 ^ 

Ethyl-indoxylic acid,’57 

Ethyl-isatin, 52, 6x 

Ethyl-isindazyl-^cetjc acid, 97 

Ethyl-isoamyl-piperidine, 183 

Ethyl-wocarbostyril, 213 

Ethyl-tiOquinoline, 211 

Ethyl-lepidine, 194 

Ethyl-mcrcajpto-pyrro-diazole, 13 1 

Ethyl-mcthyl-toJiminazolcs, no 

Ethyl-phenanthridme, 216 

Ethyl -phenazonium iodide, 296 

Ethyl-phthalazine, 272 

Ethyl-phthalazone, 273 

Ethyl-piperid^ne-aldchyde, 181 

Ethyl-piperidine-aldehyde, 186 

Ethyl-pipcridtnes, 184 

Ethyl-piperyl-alkine, 185 

Ethyl-pyridines, x67 

Ethyl-pyridone, 17 1 

Ethyl pyromneate, 18 

Ethyl -pyrrole, 31 ® 

Ethyl-parole, AT-, 29 . 

Ethyl-pyrro-triazole, X45 ' 
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Ethyl-quinolines, 194 
Ethyl-quinudidine, 185 
Ethylene-benzamidine, 107 
Ethylene-di-piperidine, 183 
Ethylene imine, 9 

oxide, 9 

Ethylene-selenurea, 12 1 
Ethylene sulphide, q 
Ethylenc-«^-urea, 114 
Ethylidenc- thiourea, 13 
Ethylidene-urea, 12 
Ethylindenc, 51 
Ethylol'picohne, 174 
Eucaine, x86 
Euphthalmine, 234 
Euxanthone, 156 

Fisetin, 154 

Five-membered heterocyclic rings, t.iblc, 7. See 
also Rings 
Flavanilme, 195 
Flavanone, 153 
Flavanthrerie, 293 
Flavanthrine, 293 
Flavenol, 195 
Fldvone, 152, 153 
Flavonol, 153 
Fluoflavine, 288 
Fluoranes, 155 
Fluorenejqiuiioline, 208 
Fluorimes, 155 
Flnorindines, 301 
Fluorones, 155 

Four-membered heterocyclic rings, table, 6. See 
also Rings 
Furaii, 14 

Furan-carboxylic acid, 18 
Furan-dicarboxylic acids, 18 
Furazan-carboxyhc acid, 135 
Furazan-dicarboxylic acid, 135 
Furazans, 135 
Furazyl-propionic acid, 135 
Furfur- acetone, 16 
Furfur-acrolein, 16 
Furfuraldehyde, 15 
Furfuraldoxime, 15 
Furfur-lasvulinic acid, 17 
Fijrfur-malonic acid, 16 
Furfur-succinic acid, 17 
Furfural, 15 

Furfural-acetophenone, 16 
Furfural-di-acetophenone, i6 
Furfurane, 14 

dicarboxylic acid, 18 

Furfurin, 17 
Furfuro-stilbenc, 15 
Furfuryl alcohol, 15 
Furfurylaimne, 15 
Furfuryl methyl ether, 15 
Furil, 16 
Funlic acid, iC 
Furo-diazoles, 139 
Furoin, i6 ' 4| • 

Furoxan-carboxylic acid, 136 ** 
•Furoxan-dicarboxylic acid amide, 137 

ethyl ester, 136 • 

Furoxans, 135 
Furyl-acetone, 17 
Furyl-acryhc acid, 16 
Furyl-angelic acid, 

Furyl-propionic acid, 16 
Furyl-tetrazole, 145 
Furyl-valeric acid, 17 

Galangin, X54 
Gallocyanine, 264 
Geniiana ItUea, 156 
Gentisdn, 156 
Gentisin, X56 
Glaucine, 258 
Glauconinic acids, 203 
Glutaconimide, X72 
Glutazine, 172 
Glycosine, X04 


Glyoxalidines, xo6 
Glyoxaline-acetic acid, xo8 
Glyoxaline-carboxylic acid, xo6 
Glyoxaline-dicarboxylic acid, 105 
Glyoxaline-propionic acid, xo6 
Glyoxaline red, 108 
Glyoxalines, 102, X04 
Glyoxal-osotetrazine, 306 
Glyoxime peroxides, 135 
Glyoxyl-propionic acid, 106 
Gnoscopine, 257 
Guanazine, 134 
Guan azole, X34 
Guvacine, 229 

HiEMATlNTlC acid, 35 
Haemo-pyriole, 31 
Hoemopyrrole-carboxylic acid, 35 
Herapathile, 240 

Hexachloro-triethyl-cyanidinc, 303 
Hexahydro-benzo-dipyrazolone, 98 
llexahydro-carbazole, 71 
Hexahydro-cmcliomeronic acid, 186 
HeKahydro-naphthmolinc, 217 
Hcxahydro-pyrazines, 285 
Hexahydro-pyridine, 182 
Hexahydro-quinolines, 205 
lloxahydro-quinolimc acid, iSfi 
Histidine, 106 
Homoantipyrme, 87 
Homatropine, 234 
ITydrastine, 255 
Hydrastinine, 255 

I synthesis of, 235 

Hydrastis canadensis, 255 
Ilydrazi-acctic acid, 10 
Hydrazi-propionic methyl ester, 10 
Uydr.izmo-nicotinic acid, 175 
Hydrazo-lepidine, 197 
ffydiMzo-quinolme, X97 
Hydrazo-tetrazole, 146 
Hydrazoximes, 137 
Hydrazulmine, ii 
Hydro-antipynne, 93 
Hydro-carbostynl, 204 
Hydro-carbostynl-carboxylic acid, 204 
Hydro-chelidonic acid, 150 
Hydro-ecgonidmc, 237 
Hydro-furans, ig 
Hydro-furfur amide, 17 
Hydro-hydj-astinine, 255 
Hydro-tsocarbostyrU, 215 
Hydro- woquinoiines, 214 
Hydro-pyridine derivatives, 180 
Hydro-pyrrole derivatives, 35 
Hydro-quinoliiies, 203 
Hydro-quinoxalines, 288 
Hydroxy-antipyrine, 89 
Hydroxy-benzothiazole, 120 
Hydroxy-benzoxazole, 116 
Hydroxy-carbostyril, 199, 200 
Hydroxy-cinnolme, 272 
Hydroxy-cmnoline-carboxylic acid, 271 
Hydroxy-copazoline, 281 
Hydroxy-diethyl-piperidine,i85 
Hydroxy-dihydro-naphtho-quinoxaline, 289 
Hvdroxy-dihydro-qumoxaline, 289 
Hydroxy-dimethyl-pyrimidines, 276 
Hydroxy-diphenyl-cyanidine, 303 
Hydroxy-diphenyl-p3rrazolidone, 93 
Hydroxy-diphenyl-pyrazoloue, 87 
Hydroxy-diphenyl-pyrro-diazole, X26 
Hydroxy-diphenyl-triazine, 303 
Hydroxy-furfurals, 15 
Hydroxy-indazole, 96 
Hydroxyindole, 55 

Hydroxy-indole>carboxylic acid, 58, 66 
Hydroxy-isatin, 60 
Hydroxy-isocarbostyril, 213 
Hydroxy-Mocarbostyril-carboxylic ester, 2x3 
Hydroxy-mandelic aldehyde, 41 
Hydroxy-methyl-furfural, X7 
Hydroxy-methyl-glyoxaline, 105 
Hydroxy-methyl-pyrimidine, 275 
Hydroxy-methyl-pyrone, 150 
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Hydroxy - methyl - pyrro - [ab] - diazole ? carboxylic 
acid, 127 

, Hydroxy-methyl’pyiro-diazole-carboxyllc methyl 
ester, 126 

Hydroxy-methyl-quinoline, 199 
Hydroxy-methyl-tctrahydro-quiuolinc, 204 
Hydroxy-methyl-thiazole, 117 
Hydroxy-methyl- thiazole-carboxylic ester, 118 
Hydroxy-methyl-thiophen, 24 
Hydroxy-methyl-toluquinox aline, 287 
Hydroxy-naphtho-phenazines, 296 
Hydroxy-naphthyl-azimido-benzene, 125 
Hydroxy-nitrophenylethyl methyl ketone, 66 
H)^roxy-p}ienanthro-triazinc, 304 
Hydroxy-phenarincs, 295 
Hydroxy-phenothiazone, 268 
Hydroxy-phenoxazime, 264 
Hydroxy-phenyl-acetic acid lactone, 41 
Hydroxy-phenyl-acridine, 220 
Hydroxy-phenyl-azimido-bcnzene, 125 
Hydroxy-phenyl-dihydro-phthalazine,' 273 
Hydroxy-phenyl-diphenyl-tetrazolium chloride, 147 
Hydroxy-phenyl-furazaii, 136 
Hydroxy-phenyl-indazole, 96, 97 
Hydroxy-plienyl-indazolo-carboxylic acid, 97 
Hydroxy-phenyl-methyl-oso triazole, 123 
Hydroxy-phenyl-methyl-pyrazole, 80 
Hydroxy-phenyl-methyl-pyrazolone, 86 
Hydroxy-phenyl-methyl-pyrimidine, 276 
Hydroxy-pheayl-methyl-pyrro-[ab]-diazolc, 126 
Hydroxy-phenyl-methyl-quinoline, 195 
Hydroxy-phcuyl-naphthyridine, 217 
Hydroxy - phenyl - oxypyrro - diazole - carboxylic 
methyl ester, 127 
Hydroxy-phenyl-pyrazole, 80 
Hydroxy-phenyl-pyrazole-carboxyhc acid, 91 
Hydroxy-phcnyl-pyrimidine, 275 
Hydroxy-phenyl-pyrro-diazole, 126 
Hydroxy-phcnyl-pyrro-triazole, 146 
Hydroxy-phenyl-quinoline, 200 
Hydroxy-phenyl-s«:-butyl alcohol, 42 
Hydroxy-phenyl-tetrazole, 147 
Hydroxy-phenyl-thiazole, 117 
Hydroxy-phenyl-toluquinoxaline, 287 
Hydroxy-phenyl-triazlne, 303 
Hydroxy-phenyl-trimethyl-pyrazoline, 84 
Hydroxy-propyl piperidine, 186 
Hydroxy-pyrazole, 80 
Hydroxy-pyrazole-carboxylic acid, 91 
Hydroxv-pyridine-carboxylic acids, 178 
Hydroxytpyridine-dicarboxyhc acid, 178 
Hydroxy-pyridines, 170, 171 
Hydroxy-pyrimidine, 275 
Hydroxy-pyrone, 150 
Hydroxy-pyrone-carboxylic acid, 150 
Hydroxy-pyrro-diazole, 126 

Hydroxy-pyrro-diazole-carboxylic acid amide, 126 
methyl ester, 126 

Hydroxy-pyrro-diazole-dicarboxylic acid, 127 
Hydroxy-pyrro- triazole, 146 " 

Hydroxy-quinacridine, 224 
Hydroxy-quinaldine-carboxylic acid, 202 
Hydroxy-quinaldines, 199 
Hydroxy-qulnazolmes, 280 
Hydroxy-quinoline-acetic acid, 202 
Hydroxy-quinoline carboxylic acids, 202 
Hydroxy-quinolines, 197, X98, 199 
Hydro xy-quirioxallne, 287, 288 
Hydroxy-qulnoxaliue-carboxylic acid, 288 
Hydroxy-thionaphtben-aldehyde^ 46 
Hydroxy-thionaphthen-carboxylic acid, 46 
Hydroxy-thionaphthens, 44 
Hydroxy-thiophen, 24 
Hydroxy-triazole, 133 
Hydro^-xanthones, 256 
Hygrin, 37 
Hygrine, 336 
Hygrinic acid, 37 
Hyoscyamine, 233 
Hyoicyamns oBmSt 233 

niger, 233 

Hypoxanthine, 276 

Ibcesatins, 6x 

lfi(aido-keto>thiazolkiine acetic acid, 1x9 


Iminazole, 104 
Iminazolones, 107 

Iminazolyl-amino-propionlc acid, xo6 
Imlnazolyl-mercaptan, 105 
Immazolyl-methyl-sulphide, 105 
Imino-cumothiazone, 265 
Iiuino-glutarimidc, 172 
Imino-phcriyl-dimethyl-pyrazole, 89 
Iinino-pyrines, 88, 89, 90 
Imino-tetrahydro-selenazole, I2X 
Imino-thio-diazoline, 14 1 
Imino-thio-urazole, 134 
Indanthrene, 292 
Indazine, 300 
Indazole-azo-benzcnc, 96 
Indazole-azo-toluenc, 96 
Indazole-carboxylic acid, 97 
Indazole-triazolene, 96 
Indazoles, 94, 96 
Indazolone, 98 
liidazyl-acetic acid, 97 
Indican, 55, 64 
Indigo, 64 

blue, 48, 64 

constitution of, 67 

brown, 64 

dicarboxylic acid, 68 

gluten, 64 

monosulphonic acid, 68 

piupurin, 69 

red, 64, 69 • 

white, 69 

Indigoid dyes, 63 
Iiidigotin, 64 
Indmibin, 57, 63, 69 
Indogen, 57 
Indogenides, 57 
Indole, 48 
Indole-aldehyde, 54 
Indole-carboxyl ic acids, 54 
Indolenine, 49 
Indoline, 58 
Indohnont'S., 59, 60 
Indones, 297 
indoxazene group, 10 1 
Indoxin, 58 
Indoxyl, 55 
Indoxyl-aldehyde, 56 
Indoxylic acid, 56 
Indulines, 297 
Indyl-acetic acid, 55 
Indyl-alanine, 55 
Indyl ethyl ketone, 54 

methyl ketone, 54 

phenyl ketone, 54 

Indyl-propionic acid, 55 

lodo-acridine, 222 

lodo-ethyl- pyridine, 173 

lodo-hydroxy-quinoline-sulphonic acid, 198 

lodo-mdole, 53 

lodo-methyl-mdole, 53 

lodo-pyrazole, 79 

lodo-pyridinc-iodo-methylate, 169 

lodo-quinoline,*' 

lodo-thiophcn, 24 

lodo-triazole, 131 

lodol, 32 

Isatin, 60 

Isatin-anils, 62 

Isatin blue, 61 

chloride, 63 

Isatin-dianil, 63 
Isatin-leucanils, 63 
Isatis tinctortat 64 
Isatogenic acid, xo 
Isatoic acid, 6x 
Isatoxime, 69 • 

tsoAmarine, 107 
iso Amyl-piperidine, 183 
isoAmyl-p^ole, iV-, 29 
isoButyl-phthalazone, 273 
isoCarbostyhl-carboxyJic acid, 2x3 
isoCarMistyiils, 2x2 
isoCinchomeromc acid, lyy 
isoCoumariaa, 131 
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isoCyanines, 193 
isoCyano-tetra-bromide, 146 
tsoDehydracetlc acid, X48 
isolndigotin, 60 
•soNicotinic acid, 176 
(soNitroso*ethenyl*diphenyl*amidlne, 63 
isoNitroso-mcthyl-isoxazolone, loi 
ucKitroso-pyrazolone, 86 
isoNitroso-thio-indoxyl, 44 
t 5 oPheao<safranine, 300 
Mophenyl-naphtho-phenazonium chloride, 296 
woPropylidene-methyl-isoxazolone, 100 
isoPropylidene-trimcthyl-indoline, 5 1 
isoPropyl-indolinone, 59 
woPropyl-wocarbostyril, 213 
iso Propyl-pyridine, 167 
isoPropyl-py^ole, 31 
isoPropyl-quinoxallne, 287 
isoPropyl-thiophen, 23 
tsoQumoline, 210 

group, 209 

of alkaloids, 246 

isoQuinolone, 213 
isoQuino-phthalone, 195 
isoQuino-p3n:idin|, 207 
ssoRosindone, 299 
isoRosinduline, 298 
isoSparteine, 232 
isoStryclmuic, 245 
isoTropyl-amiru*, 2^7 
lsox;uolo, 99 
group, 98 

Isoxazolone-carboxylic ester, lot 
Isoxazolones, 100 

JuLOLE, 205 
Julolidine, 206 

Kairinb, 204 
Kairoline, 204 
Kampferol, 154 
Kcto-dihydro-acricliru*, 222 
Keto-dihydro-bcnzothiazinc, 265 
Kcto-dihydro-bis-couraaronr, 4 ^ 
Keto-dihydro-coumarones, 41, 42 
Keto-dihydro-indole, 57 
Keto-dihydro-oxazoles, 114 
Keto-dihydro-qum.uoline-carboxylic acid, 280 
Keto-dihydro-quinazolincs, 279, 280 
Keto-dihydro-thionaphthen, 45 
Keto-dipnenyl-pyrazolonc, 87 
Keto-glyoxalidiues, 107 
Keto-iinino-thiazolidiiic, 119 
Keto-tetrahydro-isoquinohue, 215 
Kynurenic acid, 202 
Kynurmc, 199 

Laburnum, 230 
Lactazones, 100 
Lactimides, 9 
Lactones, xx 
Lactoximes, iSo 
Lactyl-tropeine, 234 
Laudanosine, 252 
Lauth’s violet, 267 
•Lepidenc, X4 

Lepidine, X93. See also Methyl-qmiioline 

chloral, X94 

oxalic ester, X95 

Lepidinic acid, 177 
Lepidone, X99 
Lepidyl-hydrazine, 197 
" Leucothionine,” 266 
Lilole, 205 
Loiponic acid, 241 
Lonchocarp^s cyanescenifl^i 
Lophine, 105, 107 * 

Loretin, 198 
Lupanine, 233 
Lupetidine, 184 
Lupinine. 232 
Lupinus luteus, 232 

niger, 232 

Luteol, 287 
][.uteolin, 153 


Lutidine-dlcarboxylic acid, dimethyl-pyridine-di- 
carboxylic acid, 177 
Lutidlne-sulphonic acid, 169 
Lutidine.s, 167 
Lutidinic acid. X77 
Lutidone, X72 

Lutidone-dicarboxylic acid, xy'* 

Lutidyl-hydrazine, 170 
Lutidyl-mercaptan, 173 
Lutidyl-sulphide, 173 
Lysidine, xo6 

Magdai./i red, 30X 
Maleic acid hydrazide, 27X 
Malonylhydrazine, 93 
Malonyl-phcnlhydrazme, 93 
Maltol, 150 
Mauveine, 301 
Meconic acid, 150 
Melamine, 303 

Mercapto-methy 4 >eiithiazoline, 265 
Mercapto-methyl-thiazole-carboxylic ester, iiS 
Mercapto-tnazolc, 131 
Mercapto-trimethyl-thKizoline, 265 
Mesitfiie lactam, 171 
Mota*diazines, 274 
Meta-fulminuric acid, loi 
Meta-nicotine, 231 
Metathiazine, 264 
Methenyl-amino-phenol, 115 
Methenyl-amino-phcnyl-benziminazole, 109 
MothenyJ-amino-thiophenol, 120 
Methoxy, 199 

Methoxy-ammo-quinoline. 197 
Methoxy-indole-carboxylic acid, 58 
Methoxy-i-satin, 58 
Metboxy-wocrirbostynl, 213 
Methoxy-tfoquinoline, 213 
Methoxy-phcnyl-methyl-pyrazole, 80, 81 
M^thoxy-pyndines, ryi 
Mothoxy-quinaldine, 199 
Methoxy-quinoline, 199 
Mclhoxy-qiiinoliuic acid, 178 
Methroujc acid, 19 
Melhyl-acetyl-furo-diazole, 139 
Methyl-acetyl-thio-diazole, 14X 
Methyl-acridine, 220 
Methyl-acridone, 222 

anil, 223 

Methyl-acndone-s, 223 
Methyl-amino-diphenylthiazoline, x ig 
Methyl-araino-triazosulpholes, 143 
Mcthyl-anilino-phenyl-metliyl-pyrazolone, 89 
Methyl-antipynnc, 8g 
Methyl-bcnziminazole, 109 
Methyl-beiizo-dihydro-metoxazone, 260 
Methyl-bonzo-morpholones, 262 
Methyl-benzo-orthoxazinone, 259 
Mcthyl-bcnzoparoxazine, 26X 
Mcthyl-beifzothiazolc, 120 
Methyl-benzoxazole, 115 
Methyl-benzoylfnro-diazole, 139 
mcthyl-benzoylthio-diazole, X4X 
Methyl-benzyl-dihydro-acridines, 22x 
Mcthyl-benzyl-dihydro-tsoquinoline, 214 
Methyl-benzylidcne-dihydro-isoquinoline, 211 
Methyl-benzylidene-hydracridine, 222 
Metbyl-bcnzyl-isoxazolone, xoi 
Methyl-benzyl-tetrahydro-isoquinollne, 213 
Methyl-carbazole, 71 
Methyl-carbostyril, 199 
Methyl-chloro-qumoline, 196 
Methyl-chromone, 163 
Methyl-cinchoninic acids, 201 
Methyl-cinnoline-carboxylic acid, 272 
Methyl-coumarandiones, 44 
Methyl-coumaranones, 43 
Methyl-coumarilic acid, 42 
Methyl-coumarones, 4X 
Methyl-coumazonic acid, 260 
Methyl-diethyl-indolenine, 53 
Methyl-diethyl-pyrazine, 283 
Methyl-diethyl-p^midine, 275 
Methyl-dihydro-furan, 20 
Methyl-dihydro-isoquinoline, 214 
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Methyl-dih3rdro-napbtho-pyrrole, 39 
Methyl-dihsrdro-pheaanthridine, 2x6 
Jilethyl-dihydro-phthalazine, 272 
Methyl>dihydro-quinazolines, 279 
Methyl-diketo-hexahydro-tiiaziiie, 304 
Mctbyl-diketo-lilolidine, 206 
Methyl'dimethylol-quinaldine, 1 94 
Methyl-diphenyl-pyrrole-carboxylic ester, 24 
Methyl-etbyl-dihydro-acridines, 221 
MetWyl-etbyl-dihydro-quiuoline, 203 
Methyl-ethyl-furazan, 135 
Methyl-ethyl-isoxazolone, loi 
Methyl-ethyl- pipCTidelnes, 181 
Methyl-ethyl-pyridines, 167 
Methyl-ethyl-pyrimidine, 275 
Methyl-ethyl'thetine, ii 
Methyl-ethyl-thiobetaine, ii 
Methyl-fluorindine, 301 
Methyl-furan, 14 

Methyl-furan-acetic-carboxylic acid, 19 
Methyl-furan-aceto-carboxylic acid, 19 
Methyl-furazan carboxylic acid, 135 
Methyl-furfural, 17 

Methyl-furo-diazole-carboxylic ester, 139 
Methyl-glyoxalidine, 106 
Methyl-glyoxalines, 104 
Methyl-granatonme, 238 
Methyl-hydracndol-benzoic acid lactone, 222 
Methyl-hydro-acridine, 221 
Methyl-iminazolone, 107 
Methyl-imino-benzo-thiazoliiie, 1 2 1 
Methyl-imino-diraethyl-thiazoline, 1 17 
Methyl-indazoles, 96 
Methyl-indole, 52 
Methyl-indole, N-, 52 
Mcthyl-indolc-aldehyde, 54 
Methyl-mdole-sul phonic acid, 53 
Methyl-indoline, 58 
Methyl-indolinone, 59 
Methyl-indyl-acetic acid, 55 
Methyl-isatm, 52, 61 
Methyl-tsocarbostyril, 231 
Methyl-isopropyl-dihydro-quinoxaline, 289 
Methyl-isopropyl-diphenyl coumarone, 41 
Methyl-isopropyl-pyrrole, 31 
Methyl-isoquinolines, 211 
Methyl-isoquinolone, 213 
Methyl -isoxazole-carboxylic acids, gg 
Methyl-isoxazole-dicarboxylic acid, 100 
Methyl-i|pxazolcs, 99 
Methyl-isoxazolone, zoo 
Methyl-kcto-dihydro-quiuazolines, 280 
Methyl-keto-juloline, 206 
Methyl-ketole, 52 
Methyl-lutidone, 172 
Methyl-dimethylol-quinaldine, 194 
Methyl-mercapto-pyrro-diazole, 131 
Methyl-mercapto-thiazole, 118 
Methyl-methyl-dihydro-acndincs, 221 
Methyl-methylol-quinaldine, 194 
Methyl-morphimethine, 247 
Methyl-morpholouc, 261 
Methyl-nicotinic acid, 176 
Methyl-osotriazole-carboxylic acids, 124 
Methyl-oxazole-carboxylic acid, 114 
Methyl-oxazolidines, 1 14 
Methyl-oxazoline, 114 
Methyl-oxybcnziminazole, izz 
Methyl-pen thiophen, 157 
Methyl-phenanthridine, 216 
Methyl-pbenanthridon^ 2x6 
Methyl-phenanthriminazole, xio 
Metbyl-phenanthroline, 209 
Methyf-pheno-triazine, 304 
Methyl-phenoxazine, 262 
Methyl-phenpenthiazole, 265 
Methyl-phenyl-benzo-dih ydro-meloxazone, 260 
Methyl-phenyl-dihydro-acridines, 22X 
Methyl-phenyl-furan-carboxylic acid, 19 
Metbyl-phenyl-oxazoline, 1x4 
Methyl-phenyl-pyridazinone, 270 
Methyl-phenyl-pyrrole, 31 
Methyl-phenyl-pyrrole-carboxylic ester, 34 
Melliyl-phthalaz{iie,272 
Meth^-phthalazone, 273 


Methyl-pipecolelne, x8x 
Methyl-pipecolvl-alkine, 185 
Methyl-piperazine, 285 
Methyl-piperidei ne-aldehyde, x 8 1 
Metbyl-plperideine-nitrile, x8x 
Methyl-piperidine, X83 

oxide, 183 

Methyl-pyrazine, 283 
Methyl-pyrazole, 104 
Methyl-pyrazole-carboxyllc acid, 82 
Methyl-pyrazole-sulphonic acid, 80 
Methyl-pyrazoles, 77 
Mcthyl-pyrazolone, 86 
Methyl-pyridyl sulphide, X72 
Methyl-pyndazine, 269 
Methyl-pyridaziiione, 270 
Mcthyl-pyridazone, 270 
Methyl-pyridine carboxylic acid, 176 
Mcthyl-pyridine-dicarboxylic acid, i77 
Metliyl-pyridine-tetracarboxylic acid, 178 
Mrthyl-pyT)dines, 166 
Methyl-pyridone-hydroiodide, 17X 
Methyl-pyidyl-selenide, 173 
Methyl-pynmidine-carboxylic acids, 275 
Methyl-pyrimidines, 275 • 

Methyl-pyromucic acid, 18 
Mctbyl-pyrone-dicarboxyhc acid ester, 149 
Methyl-pyronoiie, 149 
Methyl-pyrro-diazoles, 1 30 
Methyl-pyrrole, N-, 29 
Methyl-pyrrole, 30 
Methyl-p>Tiole-caiboxyiic acids, 35 
Melhyl-pyrrole-tricarboxyhc ester, 34 
Methyl-pyrrol idint, 36, 37 
Metliyl-pyrrohdine-acctic-carboxyhc acid, 37 
Methyl-pyrrolidine-carboxylic acid, 37 
Methyl-pyrrolidino-dicarboxylic .icid, 37 
Mrthyl-pyrrolidone-.icetic acid, 237 
Methyl-pynoline, 36 
Methyl-pVrro-tnazole, 145 
Methyl-pyiTyl-propionic acid, 35 
Methyl-quiualdonc, 199 
Methyl-qumazolinc, 278 
Methyl-qumoline-carboxylic acids, 202 
Methyl-quinolines, 193 
Methyl-quinolinic acid, 177 
Methyl-qiiinolone, igg 
Methyl-quino-quinohne, 209 
Methyl-selenazoiine, i2Z 
Methyl-seleno-pyridone, 173 
Methyl-sparteines, 233 
Methyl-tetrahydro-isbquinoline, 214 
Methyl-tetrahydro-nicotinic acid, 229 
Methyl-tetrahydro-papaverine, 252 
Methyl-tetrahydro-pyrimidine, 277 
Methyl-tetrahydro-quinoline, 204 
Methyl- thiazole, xx7 
Methyl-thiazole-carboxylic acid, iiS 
Methyl-thiazole-dicarboxylic acid, 118 
Methyl-thiazoline, 118 
Methyl-thiazyl-acetic ester, 118 
Methyl-thio-diazole, 141 
Methyl-thiodiazjple-carboxylic ester, 141 
Methyl-thio-lutidoifc, X73 
Methyl- thiophens, 22 
Methyl-thio-pyridone, 172 
Methyl-thio-qufnolines, 200 
Methyl-toliminazole, 104, iio 
Methyl- triazolc, X301 
Methyl-tripheno-dioxazine, 264 
Methyl- vinyl-diacctonc-alkamines, X85 
Mcthyl-viiiyl-piperidine, 185 
Methylene blue, 267 

Methylene-dioxy-dihydro-isoquinoline, 2x4 
Methylene-dioxy-isoquinoline, 2 ix 
Methyiene-diphenyl-4'-thioi^a, X2 
Methylene-diphenylene oxide, X34 

sulphide, X58 

Methylene-piperazine, 285 
Methylene-thio-urea, 12 
Methylene-urea, xa 
MethylqL-ethylpyridine, 173 
Methylm-Iepidfne, 194 
Methylol-lutidine, 173 
Methylol-picolines, 173 
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Methylol-quiualdine, 194 
Metoxazine, 259 
Morin, 154 
Morphenol, 248 
Morphine, 246 
Morpholine, 261 
Mot us tmciorta, 154 
Murex brandanSy 68 
Myricetm, 154 

NaphthalanB’MORpholine, 261 
Naphthazmes, 291, 292 
Naphthiminmazole, no 
Naphthindigo, 68 
Naphtbindone, 299 
Naphthinduline, 290 
Naphthinolines, 217 
Naphthisatins, 64 
NFaphtho-benzo-pyrrole, 71 
Naphtho-coumaranone, 

Naphtho-furan, 41 
Naphtho-morpholone, 262 
Naphtho-phenanthridones, 216 
Naphtho’phenazine, 291 
Naphtho-pheuosaf ranine chloride, 300 
Maphtho-phenoxazone, 264 
Naphtho-pyracndincs, 2z\ 

Naphtho-pyrrole, 

Naphtho-quinolines, 207 
Naphthol blue, 264 
Naphthyl blue, 299 
Naphthyl-indole, 52 
Naphthyl-piperidineb, 18^ 

Naphthyl violet, 299 
Naphthyndmes, 217 
Narceine, 254 
Narco tine, 251 
Nicoteme, 2 30 
Nicotelline, 230 
Nicotimine, 2 50 
Nicotine, 230 
Nicotinic acid, i 75 
Nile blue, 264 

Nitro-auuno- nicotinic acid, 175 
Nitro-bcnzoyl-acetic acid, 66 
Nitro-carbazoles, 71 
Nitro-carbostyril, 199 
Nitro-rouraarorie, 41, 4 ^ 
Nitro-dimethyl-beuzimiu-azolmol ,112 
Nitro-diinethyl-Rlyoxaline, 103 
Nitro-diinethyl indazoles, 96 
Nitro-diniethyl-pyrrole, ',2 
Nitro-diphenyl-nitro-isoxazole, 9t) 

Nitro-furan, 14 
Nitro-hydroxy-pyiidincs, 169 
Nitro-iiid izole-azo-nitro-inetliylbeiizoiu- <tn 
Nitro-mdolc-carboxylic acid, 53 
Nitro-indoles, 53 
Nitro-isoxazole, 99 
Nitro-methyl-glyoxalinc, 105 
Nitro-methyl-iridole, 53 
Nitro-mothvl-p^azole, 7‘> 

Nitro-phenoxaziiic 262 
Nitro-phenyl, 174 

Nitro-pheiiyl-dihydio-mdazole Aaiboxyhc acid. 
,Nitro*phcnyl“diinctliyl pyrazole, 79 
Nitro-phenyl-indazolc-c irboxylic ester, 95 
Nitro-phenyl-indazolone, 98 • 

Nitro-phenyl-indole, 53 
Nitro-phenyl-methyl-pyrazolone, 86 
Nitro-phenyl-pyi'azole, 79 
Nitro-phenyl-pyridme, 167 
Nitro-phenyl-qui noline, 195 
Nitro-pyrazole, 79 
Nitro-pyromucic acid, 18 
Nitro-pyrrole, 32 
Nitro-quinolinc-aldehy^e, 200 
Nitro-thiophen, 24 
Nitro-trimethyl-pyrazole, 79 
Nitron, 131 
Nitroso-antipyrine, 89 
Nitroso-carbazole, 71 
Nitroso-chlorindazole, 97 
Nitroao-coniine, 228 
Nitroso-indole, 53 


Nitroso-indoline, 58 
Nitroso-methyl-indole, 53 
Nitroso-phenylid-methyl-pyrazole, 79 
Nitroso-phcuyl-indole, 53 
Nitroso-piperidine, 183 

OCTOHYDRO-ACRIOINEDlONE, 223 

Octohydro-naphtho-guinoline, 207, 208 

Octohydro-uaphthyridme, 217 

Octohydro-xanthene-dione, 155 

Opium bases, 246 

Orcacetein, 152 

Orcinifin, 263 

Orthodiazin^, 269 

Orthothiazines, 264 

Orthoxazine, 259 

Osotriazole, 122 

Osotriazole-carboxylic acid, 123 

Osotriazole-dicarboxylic acid, 124 

Osotriazoles, 121 

Oxalene-bis-azoxi-raethcnyl, 137 
i Oxahmide, 9 
I Oxazolos, 113 
Oxazolidiues, 114 
I Oxazolines, 114 
Oxazolones, 114 
Oxmdigo, 44 
Oxindiiubm, 43 
Oxindole, 60 
Oxiudole-aldehyde, 60 
Oxy-azoxazine-dicarboxylic ester, 300 
Oxybciuiniiiiazole, 111 
Oxydiazolcs, 137 
' OxviTidole derivatives, 35 
I Oxylepidinio acid, 178 
Oxyuicotmic acid, 178 
Oxyprolme, 37 
Oxyquiiiolmic acid, 178 
Oxy-spartcinc, 232 

Papaver soyymtfet um, 246 
Papavenne, 250 
Paradiazmes, 282 
Parathiazine, 265 
Paroxazme dyes, 262 
Paroxaziues, 261 
Parvolme, 167 
Pelletieriric, 238 
Pcntacliloro- pyridine, 1 6' j 
Pentachloro-pynole, 31 
Pentahydroxy-tlavonol, im 
P enUniethylonc iiuxuo, ibj 
Pcntaplionyl-i'yridine, 108 
Penthiazolmcs, 264 
Peuthioplicn, 137 
Pentoxazolines, 259 
J*erchlt>rpyrocoll, 34 
Pm-uaphthothio-indigo, 4b 
Pm-qmndoline, 217 
Phenaceteyi, 152 
Phenacyl azo-cyaiiide, 303 
Phenanthridinc, 215, 216 
Phenaothndone, 216 
Phonanthro-benzo-pyrrolc, 71 
Phenan thro-n .« ph tho-pyrroles, 7 1 
Phenanthro-phcuazino, 292 
Phenanthro-quinoline, 208 
Phenan throline, 208 
Phenan tliroxazine, 262 
Pbenazme, 291 

group, 289 

Phcnazone, 273 
Phenazonium compounds, 29b 
Pheno-keto-dihydro-tnazine, 30 3 
Phcno-mauveine, 301 
Pheno-raiazmes, 277 
Pbeno-naphthacridine, 219, 220 
Pheuo-naphthacndone, 223 
Pheno-naphtharothioue, 268 
Pheno-naphthoxanthones, 156 
Pheno-naphthoxazime, 264 
Pheno-naphthoxazone, 264 
Pheno-safranine, 300 
Pheno'tbiazime, 267 
Plieuo-thiazone, 268 
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Pheno-triazine, 304 
Phcno-triaiyl-methyl-ketone, 304 
Pheno'tripjnridine, 209, 224 
. Phenoxazine, 262 

dyes, 262 

l^henoxazonc, 263 

Pheayl-acenaphtho-phenazonium nitrate, 297 
Phenyl-acetyl-tliio-di.izole, 141 
Phenyl-acridine, 220 
Phenyl-acridoue, 223 
Pheliyl-azinndo-benzene, 125 
Phenyl-azlmido-ethoxy-bcnzene, 1 28 
Phenyl-azimido- toluene, 125 
Phenyl-benzazimide, 305 
Phenyl-benzene- azo-pyrazole, 79 
Phenyl-benziminazole, 109 
Phenyl-benzo-paroxazine, 261 
Phenyl- benzo-pyranol, 152 
Phenyl-benzo-pyxone, 153 
Pheuyl-benzo-thiazole, 120 
Phenyl-bcnzoxazole, 115 
Phenyl-benzoyl-isoxazolonc, 10 
Phenyl-benzyl-methyl-pyrazolonc, 87 
Phenyl-cmchoninic acids, 201 
Phenyl-cmnoline, 272 
Phenyl-cinnolmic acid, 269 
Phenyl-coumahn, 148 
Phenyl-coumaranes, 4’ 

Phenyl-coumaroneis, 41 
Phenyl-cumazonic acid, 260 
Phenyl-dicacetyl-lutidine, 1 74 
Phenyl-dihydro-acridme, 221 
Phenyl-dihydro-indazole, 97 \ 

Phenyl-dihydro- Moquinolinc, 214 
Phenyl-diliydro-phenazine, 296 
Phenyl-dih ydro-qu inazolines, 2 7 > » 
Phenyl-diketo-hydropyrindeue, 1 9-S 
Phenyl-diketo-pjo'azolidine, 93 
Phenyl-dimethy 1 -benzo-metoxazinc, 2 60 
Phenyl-diiucthyl-diketo-p^azolidine, u } 
Phenyl-dimethyl-c>ktoxy-dihydro-osotriazoIc, 12 i 
PhijWiyl-diinethyl-indolmol, 59 
Phenyl-dimethyl-methylene-mdoline, 59 
phenyl-dimcthyl-osotriazole, 123 
phenyl-dimethyl-pyrazoles, 78 
p henyl-dimethyl-pyrazolidone, 93 
Phenyl-dimcthyl-pyrazolone, 87, 90 
Phenyl-dimethyl-pyrimidme, 275 
Phenyl-dimethyl- thiopyrazole, 88 . 

Phenyl-dimethyl-urazole, 134 
Phenyl-^inaphthazonium chloride, 296 
Phenyl-dithio-urazole, 134 
Phenyl-fluorindine, 301 
Phenyl-furazan, 135 
Phenyl-furoxan, 136 
Phenyl-fur yl-allene, 15 
Phenyl-glyoxalidinc, 107 
Phenyl-glyoxaline, 104 
Phenyl-hexahydro-pjTidazinedione, 271 • 
Phenyl-hydrazmo-lutidinc, 170 
Phenyl-hydrazino-pyrine, 89 
Phenyl-hydroxy-iiidole, 58 
Phcnyl-irnino-cumazone, 260 
Phcnyl-imino-cumothiazone, 2O5 
Phenyl-immo-cthyl-benzoxazolone, 1 r (3 
Phenyl-irnino-isoxazoline, loi 
Phcnyl-indazoles, 96 
Phenyl-indole, N-, 52 
Phenyl-indoles, 52 
Phenyl-indolinone, 59 
Phenyl’iodoxazcne, 102 
Phenyl-isocarbostyril, 213 
Phenyl-Moquinolines, 21 1 
Pbenyl-isoxazole, 99 
Phenyt-isoxazolone, xox 
Phcnyl-keto-dihydro-quinazolines, 280 
Phenyl-keto-tetiahydro-pyrimldine, 277 
Phenvl-keto-tetrahydro-quinazolines, 28 1 
Phenyl-lutidone-carboxylic acid, x 79 
Phenyl-mercapto-thiazole, 118 
Phenyl-methyl-amino-pyrazole, 80 
Phenyl-methyl-azo-pyrazole, 80 
Phenyl-methyl-benzeDe-azo-pyrazoles, 79 
Phenyl-methyl-benzimlnazohnol, 1x2 
Phenyl-methyl-dihydro-pyridazine, 270 


Phenyl-methyl-dihydro-quinoUne, 20^ 
Phenyl-methyl-«»Mfozy-dmydro-osotriazole, 1 23 
Phenyl-methyl-ethyl-CTMioxy-dihydro-obotriazolc, 
123 

Phenyl-methyl-ethyl-pyrazolone, 87 
Phenyl-methyl-furan, X4 
Phenyl-methyl-glyoxaline, 104 
Phenyl-methyl-isoxazolc, 99 
Phenyl-methyl-osotriazole, 123 
Phenyl-methyl-oxazoles, 113, 114 
Phenyl-methyl-pcntoxazoliiie, 260 
Phenyl-methyl-piperidinc, 184 
Phenyl- me thyl-pyr azole, 77 
Phenyl-methyl-pyrazole-carboxylic acids, 82 
Phenyl-methyl-pyrazoledione, 86 
Phenyl-metliyl-pyrazoles, 78 
Phenyl-methyl-pyrazolidmes N, g 2 
Phenyl-niethyl-pyrazolidoac N, 93 
Phenyl- methyl- pyrazolone aldehyde, 90 
Phenyl-methyl-pyrazolones, 86, 87, 90, 93 
Phenyl -methyl-pyridaziue, 269 
Phenyl-methyl-pyriduzone, 270 
Phenyl-metliy 1 -pyridine, 168 
Phenyl-methyl-pyrimidine, 275 
Phenyl-mcthyl-pyrone, X50 
Phenyl-methyl-pyrro-diazole, 125 
Pheiiyl-methyl-pyrro-diazole-carboxyhc acid, 12‘j 
Phenyl-methyl-pyrro-triazoles, 145 
Pheuyl-methyl-quiuazoliue, 278 
Phenyl-rnethyl-Qumolines, X95 
Phenyl-methyl-mienyl'Carbinol, 24 
Phenyl-methyl-thiopyrazolone, 86 
Phenyl-methyl -tn azole, 125 
Phenyl-methyl-triazole-carboxylic acid, 132 
Phenyl-methyl-tnazolonc, 133 
Phenyl-naphtlio-dihydro-triazone, 305 
Phenyl-uaphtho-pheiiazoniiim chloride, 296 
Phenyl-naphtho-qinnoxalme, 287 
Phcnyl-naphthol, 211 
Pheuyl-nitro-isoxazole, 99 
Phenyl-osotriazole, 123 
Phenyl-osotriazole-rarboxylic acids, 124 
Phenyl-osotriazole-dicarboxylic acid, 124 
Phenyl-oxazolc, 113 
Phenyl-oxazolidinc, 1J4 
Phenyl-oxazolme, 114 
Phenyl- pen thiazolioe, 26<) 

Pheii yl-phen authndinc, 2 1 6 
I Pheuyl-phenanthro-phenazonium chloride, 296 
' Phenvl-phenazonium chloride, 296 
I Phenyl-pheno-dihydro-triazinc, 305 
I Phenyl-phenothiazime, 267 
Phenyl-phenoxazime, 264 
Phenyl-phthalazine, 273 
Phenyl-phthalaroniura-chloride, 2 73 
Phenyl-piperideine, x8x 
Phenyl-piperidine, 183 ‘ 
Phenyl-propyIene-«^-thiourea, 1 19 
Phenyl-pyrazolc, 77, 78 
Pheuyl-pyrazole-dicarboxylic acids, 82, 83 
Phenyl-pyrazole-dione-carboxylic acid, 92 
Phenyl-p5^azole-tricarboxylic acid, ,.83 
! Phenyl- pyrazolidine, 92 
\ Pbenyl-pyrazoljdone N, 93 
i Phenyl-pyrazolirie.^i, 84 

Phcuyl-pyrazoline-dicarboxylic acid e^te^, 84 
Phenyl-pyrazolone, 80, 86, 90 
Phenyl-pyrazotonc-carboxyhc acids, 91 
Phenyl-pyridazine, 269 
Phenyl-pyridazine-carboxyhc acid , 269 
Phenyl-pyridazine-dicarboxyiic acid, 269 
Phenyl-pyridazinone, 270 
Phenyl-pyridazinone-carboxylic ester, 270 
Phenyl-pyridazone, 270 
Phenyl-pry^ines, x 67 , i68 
Phenyl-pyridone, 17X 
Phenyl-pyridj^l ketones, X74 
Phenyl-pyrone, X48 

Phenyl-pyrone-carboxylic acid ester, 148 
Phenyl-pyrro-diazole-carboxylic acid, 125, 126 
Phenyl-pyrro-diazole-dicarboxylic acid, 125 
Phenyl-pyrro-diazolcs, X25, 130 
Phenyl-jjyrro-triazolehjarboxylic acid, 1451 146 
Phenyl-pyrrole, 31 r 

Phenyl-pyrrole AT, 29* 35 
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Phenyl-pyrrole-acetic-carboxylic ester, 24 
Phonyl-pyrrole-carboxylic acid, N-, 35 
Phenyl-py^I -propionic acid, 35 
Pheriyl-quinaldine, 195 
Phenyl-quinazoline, 278 
Phenyl-quiriazoIine-carboxyJic acid, 278 
Phenyl-quinoline-dicarboxylic acid, 202 
Phenyl-quinolines, 193 
Plienyl-quinolyl-mcthyl-pyrazole, 200 
Phenyl-qninoxaline, 287 
Phenyl-rosinduline, 299 
Phenyl-tetrahydro-pyrimidine, 277 
Phenyl- tetrahydro-quinazolincs, 280 
Phenyl-totrahydro-tliio-diazine-thionf, 309 
Phonyj-tetrazole, 145 
Phf'uyl-tetrazole-carboxylic acid, 126 
Phenyl- tetrazyl mercaptan, 147 
' — • methyl sulphide, 147 
Phenyl-thiazole, 117 
Phenyl- thiazoline, 118 
Phenyl- thio-diazole, 141 
Phcnyl-thifKliazole-carbowlic e'^lcr, rir 
PhenvI-thiopheri, 2^ 

Phpnyl-thio-tetr.iliyviio-qiiiii.nzrihiios, 281 
Phenyl- thio-tetrazohuc, 147 
PluMiyl-lhio-tnazine, 303 
Phenyl-thio-nrazolc, 1 34 
J^henyl-thio-xaiithonol, 158 
Phcnyl-triazole-aldehydo, 123 
Phenvl-triazole-carbo\yljc acids 132 
Phenyl- triazoln*?, 123, 130, 132 
Phenyl-thinzolonc-carboxylir ,icid, 133 
Phcn^’l-triazolones, 133 
Phenyl;tiunethyl-iii(loliiiolc, 51) 
Phcnyl-tnmethyJ-peuthiazoline, 2G3 
Phenyl- tnmcthyl-peritoxa/oline, ’Go 
Phonyl-trimethyl.pyi-a7ol(jrie‘,, H<) 
Plienyl-urazine, 134 
Phenyl-urazolcs, 1 34 
Pheiiyl-Kanthene, 155 
Phonyl-xanthenol, 135 
Phenylene-.icetamidine, 109 
Phcnylene-benzamidine, 109 
Phenyleiie-diazosulphido, 1 12 
PhenyloTic-fonnaniiduie, io<) 
Phenyleue-plienyl-j>uarndin(', 1 1 2 
Plionylone-thio-urea, ii.’ 

Phenylene-iirea, 1 1 2 
Phloroquniyl, 224 
Plvenn’insulphunc acid, G8 
Pl.onopvriolp-oarboxylic acid, 3s 
Phthalazines, 271, 272 
Phtlialazories, 273 
Phthalyl-liyclrazine, 273 
Phthalyl-phenyl-hydrazine, 273 
Piaselcnole, 142 
Piaziiies, 282 
Piazothioles, 142 
Picolines, 1G6 
Picolinic acid, 175 
Picolyl-acrylic acid, 179 
Picolyl-alkincf 173 
Picolyl-ketone, 174 
Picolyl-lactic acid, i7<) 
Picolyl-methyl-carbinol, 173 ^ 
«Picolyl-methyl ketone, 174 
Pilocarpidine, 229 
Pilocarpine, 229 
Pilocarpus pamatifolius, 229 
Pme-shaving reaction, 70 
PipecolcTne, r8i 
Pipecoline, 184 
Pipecolinic acid, 186 
Pipecolyl-alkin, 183 
Pipecolyl-ethyl-alkine, 183 
Pipecolyl-methyl-alkine, 183 
Piper longum, 226 

nigrum, 226 

Piperazines, 283 
PiperideYne aldehyde, 181 

nitrile, i8r 

Piperidefnes, 180, 181 
Piperidine, 182 
Piperidine-aldehyde, x86 
Piperidino-dicarboxylic acid, 186 


Piivndine-snlphonlc acid, 185 
Pipendyl- acetaldehyde, 184 
Pipcridyl-acetic acid, 184, 185 
Piperidyl-acetonc, 184 
Pipeiidyl-mcthyl-thiazoline, 119 
Piperidyl-propionic acid, 186 
I Piperidyl-urethanc, 184 
! Piperino, 184, 226 
j Piperohdine, 186 
! Piperolidone, 186 
i Piperyl-aniino-cyanidine, 303 
I Piperyl-hydrazme, 183 
Pisum sativum^ 229 
I Plant alkaloids, 223 
1 l^olymcnzation, 2 
I Potassium carbazole, 71 

I pyrrole, 29 

. Potential valences, 2 
I Pnmiilme, 120 

• Proline, 37 
Prolyl-phenyl-alanine, 37 
Propenvl-piperidines, 185, 220 
l^ropenyl-pyridines. t68 
Propyl-furfiiryl carbinol, 15 

. Propyl-glyoxalidine, 107 
■ Propyl-tsoamyl-pipondmc, 183 
Propvl-phthalazonc, 273 
Propyl-pipcrideinc, 181 
Propvl-piperidine, 184, 

; -- oxide, 183 

I Propyl-pyndine, 1G7 
j Propyl-quinolme, 194 
’ Piopvlene-iirea, 114 
j /;icinfo-\po-codcine, 24() 
Psewi/o-Aziinidcs, 124 
/>«fei«/o-t:onliydnne, 228 
' />ven^/o-^lazoacotlc acid, 307 
' pseinto-lndoxyl, 57 
J /JsrMrfo-Isatoxime, 62 
pseudo-l utido-stynl, 171 
. /JserfMo-Lutido-styril carboxylic acid, 178 
. /*svvrfo-\roipliirie, 247 
/)id:wf?o-Opianic acid, 256 

• /»st n//o-Pcllclienne, 238 

, /jvcinto-Rosinduline, 21)8 
j Purine, 277 
I Pyramidone, 89 
j Pyrazine-dicarboxylit acids, 283 
i PjTaziTie-morioc.irboxylic acid, 283 
Pjn'azine-tetracarboxylic acid, 283 
Pyrazines, 282, 283 
P)n.izolo, 73 
blue, 87 

Pyrazolc-carboxylic acids, 82 
Pyrazole.-dicarboxylic acid, 82 
P>Tazole group, 73 
ketones, 81 

! Pvrazole-tncarboxylic acid, 82 
; Pyrazohdmes, 92 
' Pvr.izolidoiies, 92, 93 
! Pvrazoline, 83 

i Pvra/ohno-carboxylic acids, 84 
i Pynzolme-dtcarboxyhc acids, 84 

j ester, 84 

i Pyrazolme ketones, 84 
j Pyrazolone-azobenzene, 86 
, Pyrazolonc-earboxylic acid, 90, or 
; Pyrazolones, 85, 86, 89 
j Pyi azoloiiyl-acctic ester, 91 
! Pyridazme-carboxylic acid, 269 
! Pyridazine-tetracarboxylic acid, 269 
Pyridazines, 269 
Pyridazinone, 270 
Pyridazinone-carboxylic acid, 270 
Pyridazone, 270 
Pyridine, 166 
Pyridine-betaine, ii, 166 
Pyridine-carboxylic acids, 174 
Pyridine, constitution, 158 
-J — derivatives, s^thesis of, i6t 


P^idine-suiphonic acids, 1*69 
Pyridine-tetracarboxylic acid, 178 
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Pyridine- trie Arboxylic acids, 178 
Pyridones, 170 
Pyridoyl-acetic esters, 180 
Pyridyl-acrylic acid, 179 
Pyridyl-carbinol, 173 
Pyridyl-diethyl-carbitiol, 173 
Pyridyl-dimethyl-carbinol, 173 
Pyndyl-ethylainine, 173 
Pyndyl-ethyl-carbinol,^ 173 
Pyridyl-ethyl ketone, 174 
Pyridyl-lactic acid, 179 
Pyridyl mercaptan, 172 
P^idyl-methyl ketones, 174 
Pyridyl-methyl-pyriolidine, 37 
Pyridyl-phcnyl-carbinols, 173 
Pyridyl-pyrrole. 31 

Pyndyl-tetrahydro-mcthylpyrrolc, 2 30 
Pyridyl urethane, 170 
Pyninidine-carboxylic acids, 27s 
Pynmidine-dicarboxylic acid, 275 
Pyrimidines, 274, 273 
Pyrimidone, 275 
Pyrindene derivatives, ig8 
Pyro-cinchonic acid, 176 
P5rro-comane, 140 
Pyro-comenic acid, 1 50 
Pyro-cresol, 155 
Pyro-mecazonic acid, 172 
Pyro-mcconicacid, 150 
Pyro-mucic acid, 18 
Pyro-muco-nitrile, 18 
Pyro- tritar taric acid, 19 
Pyrocoll, 34 

Pyrone-carboxylic acid, 148, 130 
Pyrone-dicarboxylic acid, 150 
Pvrones, 148, 149 
Pyronlne, 155 
Pyrridyl-pyrrole, N-, ’<) 

Pyrro-diazoIe«, 125, i lo 
Pyrro-triazoles, 143 
Pyrrole, 27 
PUprole-aldeliyde, 33 
Pyrrole-azo-compounds, 33 
Pyrrole-carboxylic acids, 33, 34, ^5 
— - — ester, N-, 29 

Pyrrolc-carboxylic-ijlyoxylic acid, 31 
Pyrrolc-diacetic-dicarboxylic ester, 34 
Pyrrole-dicarboxylic acid, 33 
Pyrrole red, 28 
Pyrrolene-phthalidc, 35 
Pyrrolijijne, 36 

Pyrrolidine-caiboxylic acid, 37 
Pyrrolidone, 38 
PyrroHne, 36 
Pyrroyl-pyrrole, 33 
Pyrryl-carbamide, 29 
Pyrryl-dimethyl diketoiie, 33 
Pyrryl-dipropionic acid, 35 
Pyrryl-etnyl ketone, 33 
Pyrryl-Rlypxylic acid, 33 
Pyrryl-magnesium iodide, 30 
Pyrryl-methyl ketone, 3 3 
Pyrryl-phenyl ketone, 3 3 
Pyrryl-urethane, 34 

Quebracho colof ado, 154 
uercetin, 154 
uercus iinctoria, 134 
Qulnacridines, 224 
Qiiinacridone, 224 

uinaldine, 193, 202. See also Methyl-quiiiflin 
uinaldine-aceto-carboxylic acid, 202 
Quinaldine-alkine, 194 
inaldine chloral, 194 
ina*ldine-oxalic ester, 195 
Quinaldine synthesis of, 189 
^inaldinic acid, 201 

^inaldyl-hyc&Mine, 197 
lutnaldylidene-phthalide. 195 
fuinatozines, 242 
*iiazolines, 277* 278 
nazolones, 279 
^ndolines, 217 
ulnlc acid, 202 


Quintditie, 240 
Quinine, 239 
Qumoliue, 19 1 
Quinoline-aldehydes, 700 
Qiiinolme betaine, 192 
(_)i;moline-carboxylic acids. 200, 201 
Quinoline derivatives, synthesis of, 188 
cimnoline-dicarboxylic acids, 202 
Oiiinoliiic-ethiodide, 192 
Quinoline group, 187 
--- ~ ketones, 200 
Qmiiolme-methiodide. 192 
Quinoline red, 212 

yellow, 195 

Quinolinic acid, 176 

- — inetliyl-betaiiir, i;!) 

Qiiiiiolinnim compounds, 192 
Quinolyl-acetaldchyde, 194 
Qninolyl-acctic acid, 194 
Oiiiiiolyl-acrylic acid, 194 
Qinnolyl-hydrazine, 107 
Quinolyl-lactic acid, 194 
Qumolyl-phcnois, 193 
Quinolvl'i ■opano-dif'I, 

Qiiinolyl-propionif ari<l, 10 ^ 

(}iiiiioj)litii ilorie, los 
Qiiiijotox.ne, 24 2 
Qumo’caline, 287 
Qumoxa!uu‘-d lace tic ester, 288 
Qumoxiline-dieaibi’xyhe acid, 288 
Qiiinoxalines, 283 
QuinoxCilo-phena/Hiu*, 28S 
Quimiclidmc, 183 

Ri SACJ' ri- iM, 13 
Resa/ainn, 2P3 
Re^^tda lutrola, x -> 3 

Resunifin, liyilrow-phcnoxazoiie, 26’ 

Rhu'^ i 13 1 

Ri with an 0 -aiul an N-mniibei , t.dilc, - 
- -with an O-member, table, 5 

- with an S-mr'inhtT, table, ^ 

- - with one N'lni'Tiibiir, table, j 

with two N-iiuinbei', t ibl( , { See also 
three, toiji, five, ind si\-u'*-iubf;n 1 he,tcro(;vcllt 
lings 

Uobinia piiCudiUtv > 131 
Ribiuin, 134 
Rosiiuloles. 31 
Rosindoue, 2<>«) 

Rosmduline, 298 

S\FR\NINES, 297, 290 
Safraniiioncs, 301 
Safranols, 300, 301 
"St. Ignatius’ be.in," 214 
Salipyrine, 88 
Scatole. See Skatole 
Scoparin, 154 
Selcn.izole, 121 
Seleuophen, 26 
Seleno-pyrine, 90 
Seleiioxen, zh 
Silico-tetrapyrQsIe. 30 
Silver isatm, 61 ' 

Sinapane-propionic acid, 265 i 

Six-membercd heterocyclic rings table, 8. See 
also Rings * 

Skatole, 52 

Skatolc-acetic acid, 33 
Skatolc-carboxylic acid, 55 
Sodium-dimethyl- wonitroso-pyrrole, 3 2 
Sodium- word troso-pyrrole, 32 
Solaniun bases, 233 
Sophora spccioia, 230 

tomentosa, 230 

Sophorine, 240 , 

Sparteine, 232 - 
— — oxide, 232 
Spartium scopartum, 154, 232 
Spartyrine, 232 
Stachhydrine, 37 
Stachys 4 id>erijera, 37^ 

Stilbazole, x68 
Strophanthus, 229 
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Strychnic acid, 244 

Strychnine, 244 , 

oxide, 245 j 

peroxide, 24^5 | 

Strychiiinolic acid, 24*; j 

Stryclmohne, 245 I 

Strychuob base'), 244 
Strychnos I^nutn, 244 

— nux vomica^ 244 ' 

Styryl-pyridincs, i( 3 .S ! 

Substantive cotton dyes, 120 

Sulpho-hydrazi-acetic ester, 10 I 

Sulphophenyl-pyrazole-diorie-cai lioxylir and, I 

Sulphuviiiic acid, 118 

Sulphydro-bi'iizothiazole, 121 ' 

Sylvanc, 14 i 

Svndc^mon ! halhcironics, 21 ^ j 

Tart RATI', 228 

J'artra/.iTie, (j2 , 

Tartrazinic .lud, 92 | 

T(‘trabroiao-indiKo, 08 
'feLrabroiiio-pyrrole, ^3 
rf-trabiorno-thiopheii, 2 ^ 

TfLrachloro-indigu, 08 
Tetracliloro-pyridiiies, lOo 
totracliloro-pyrumdine, 37O 
Tetrachloro-pyiTole, 32 
retr.irhloro-tluo-dTphftnylainirie, 2OO 
I'etiachloro-thiophen, 23 
IVtiactlivl-pheno-safraijine, 300 
Tetraliyaro-acridmo, 221 
I'etialiydro-acndouc, 223 
Tell ahydio-berbeniie, 230 
IVtrahydro-bi iieidme, 24i 
'JVtrahydro-briicine, 24 s 
retrahydio-earb.uole, ; r 
I'etrahydro-carb izoIe-c.uboxylK' acid, 71 
retrahydio-fiirari, 20 
retrahydro-glyox.ilines, 107 
riHvahydro-isoquiuoline-oarboxylic acid, 213 
I> tea 1 lydro- isoqx 1 1 no I ines, 214 
rotrahvdro-iiaphtliinoline, 217 
retr.ihydro-najihtbo-qumolme, 207 
I'etrahydro-oxazoles, 1 14 
T(‘trahydro-p ii oxaziiie, 2O1 
retiahydio-plienyl-dimethyl-pyiazolc, 78 
retrahydro-phonyl-methyl-lnraii, 19 
retiahydro-plith.il.uine, 272 
rctraliydro-picolme, 18 1 
retrahydro-piperine, 22O 
Tetrahydro-quiualdiue, 204 
'rctrahydro-quinazoliiies, 280 
Tetrahydro-qiiiiioliues, 203, 204 
fetidhydro-quiiiolyl-propioiiic acid lactam, 206 
Tetrahydro-quiuoxaline. 289 
Tetrahydro-strycliriidine, 245 
retraliydro-strvchniiic, 245 
Tetrahydro-thiopheii-dicaiboxylic arid, 23 
Tetrahydro-thiophens, 26 
Tctraliydio-tohiquiriohiie, 204 
Tetrahydroxypflavoue, 133 
Tetiahydroxy-rt.ivonol, 154 
Tetraiodo-pyrrolo, 32 . 

Tetraketo-pipci izinc, 285 ^ 

•Tetramcthoxy-beiizyl-isoquiiioline, 250 
Tetrametliyl-benzo-iniin.izolinol, 1 12 
Tetrainethyl-diamino-benzophenouft sulplione, 158 
Tetramethyl'diainiuo-diphenylmethane sulphone, 

158 

retrameUiyl-diaiTii'io-pheiio-thiaziiinuiTi chloiide, 

267 

Tetramethyl*diainino-thio-xanthone, 158 
Tetramethyl-dlammo-xaiithene, 155, 15O 
Tetramethybdiamino-xanthone, 156 
Tctraracthyl-dipyridyl, 168 
Tetramethyl-hyiroxy-piperidine, i8,fc 
Tetramethyl-keto-pyrrolidine, 38 
Tetramethyl-niethyl-bcnzoxy-pipcridine-carboxylic 
ester, i86 

Tetramethybindole, 52 
Tetrainethyl'-piperidine, 184 
Tetramethyl-pyrazine, 283 • 

Tetramethyl-pyrazolcs, *7, 78 
Tetraiuethyl-pyndine, 107 


Tetramcthyl-pyronc, 150 
Tetraraethyl-pyrrohdine-carboxylic acid, 38 
Tetramethyl-pyrroline-carboxylic acid amide, 185 
Tetramethylene-imine, 36 
Tetramethylene oxide, 20 
Tetrammo-pyrimidine, 276 
Totraphenyl-aldine, 283 
Tetraphenyl-dihydro-pyrazine, 284 
Tetraphenyl-dihydro-pyTidazine, 270 
Tetraphenyl-dihydro-tetrazine, 308 
retraphenyl-furan, 14 • 

Tetraiilienyl-hcx.ihydro-tetrazine, 308 • 
Tctraplienvl-pyrazine, 283 
TetiaplKMiyl-pyrrole, 31 
Tetraplienyl-tbiophen, 23 
Tetraphenylene-etliylene dioxide, i s6 
Tetrazine-dirarboxylie arid, 307 
Tetrazines, 305, 306 
TetrazoIe-carboxyJio ethyl ester, 146 
Tetrazole sulphoiiic acid, 146 
Tetrazoles, 143, 144 
retr.izolium, 147 
Tetiazyl-azoimide, 140 
Titr.izyl-hydrazine, 135 
IVtrazyl mcicaptan, 146 
Tetrotiic acid, 20 
Tlialline, 204 
riicbame, 249 
Theba«*l, 249 
Thebenidine, 250 
Thebenol, 250 
rhiazine, dyes ot, 260 
riiiazines, 264 
Thiazolcs, ii() 

Thiazoliiie-rnercaptan, 119 
Thiazolines, it8 
Thienone, 25 
Thienyl-acrylic acid, 24 
Thicuyl-carbinols, 24 
Thienyl-diphenyl-metliaiic, 2 3 
Thionyl-glyoxylii acid, 23 
Thienyl-indole, ^2 
Thieiivl-rncthyl ketone, 25 
Thienyl-phenyl ketone, 23 
Hiienyl-sulphydr.ite, 24 
riiienyl-tripheuyl-inelhanc, 23 
Thienyl-nrethanc, 24 
riiio-acndine, 222 
Thio-benzdzimide, 305 
Thio-beiiziminazoline, 1 1 2 
Thio-benzox azole, 116 
Thiocarbonyl-thiorarbamlide. 1 2 
Thio-ciima/one, 200 
'riiio-cumotbiazone, ’Os 
Thiodiazole-carboxylic acid, 14 1 
rhiodiazolc-dicai boxylic acid, 1 4 r 
Thiodiazole dithiol, 141 
Tliiodiazoles, 141, 342 
'riiiodiazolincs, 140 
Thiodiazols, 139 
Thio-dinajflitbylainine, 266 
Thio-diphenvlamine, 206 
Thioflavme, 120 
Thio-indigo red, 47 

scarlet, 45 

scarlet-R, 63 

Thio-indirubin, 45 
Thio-indoxyl, 4 s 
Thio-isatin, 63 

Thio-keto-tetrahydro-quinazoline, 281 
Thio-keto-thiazolidine, 119 
Thio-liitidone, 173 
Thiol-quinoline, 200 
Thionaphthen, 44 

Thionaphthen-acenaphthene indigo, 45 ' 

Thionaphthen-indole, 47 
Thionaphthen-indole-indigo, 57, 63 
Thionaphthen-quinone, 46 
Thionaplithen-quinone-auile, 47 
Thionaphthcn-quinone-anils, 45 
Thionaphthen-quinone-monoxime, 45 
Thionaphthcn-quinone-oxiine, 46 
Thionessal, 23 
Thionine 267 ■ 

Thionol, 268 
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Thionoline, 368 
Thiophen, 20, 21 
Thiophep-aldehyiic, 24 
Thiophcn-carboxylic acids, 25 
Thiophen-dicarboxylir acid, 25 
Thiophen-sulphonic acids, 24 
Thiophen-tetracarboxylic methyl ester, 25 
Thiophenic acid, 25 
Thiophenin, 24 

Thio-phenyl-ethyl'pyrazole, 88 
Thip-phenyl-methyl-pyrazole, 88 
Thio-pheqiyl-naphthylainine, 266 
Thio-phcnyl-trimcthyl-pyrazoJe, 88 
Thiophthen, 25 
Thio-pyrine, 88, 90 
Thio-pyronine, 158 
Thio-tetrahydro-quinazolirie, 281 
Thiotolen, 22 
Tliiotriazoles, 142 
Thio-urazole, 134 
Thio-xanthene, 158 
Thio-xanthone, is8 
Thio-xanthydrol, 158 
Thioxens, 23 

Three- membered heterocyclic rings table, 5. 

See also rings. 

Tolazone, 274 

ToliYninazole-/i-carboxylic acid, no 
Tolu-dDiydro-quinaldine, 20 ^ 
Tolu-dihydro-quinohne, 20^ 

Tolu-pheiiazinr, 291 
Toln-piaseleuole, 142 
Tolu-quinaldmes, 194 
Tolu-quinohnes, 193 
Tolii-quiiioxahne, 287 
Tolu-Sdfranine, 300 
Toluyleue acetamidine, no 
Toliiylene-red. 295 
Tolaylene-ure.i, 112 
Tolyl-azunido-tolueno, 128 
Tolyl-methyl-thiazoline, i k, 

Tolyl-pyrazole, 78 
T«^l •tetrazole, 145 
Tolvl-tolii-dihydio-triaziiu*, 305 
TolyJ-tolu-dihvdro-triazoii«i, 3^05 
Tolypyrine, 8^ 

Triacetic acid, 140 
Triacetone-alkainme, T84 

Triacetoneaminc-tetramethyl-kcto-pipcridiiie, 184 
Triacetonine, i8<; 

Triacetonine-alkyl-sulph ides, 1 8 
Triamiflb-cyarndine, 303 
Triamino-pyrirnidine, 276 
Trlazines, 302, 305 
Triazole, x'22 

Triazole-carboxyiic acid, 132 
Triazoles, sym., 128, 130 
Triazolones, 132, 133 
Tnbromo-glyoxaline, 105 
Tribromo-phcnyl-pyrazoie, 79 
Tnbromo-thiopben, 23 • 

Tricarbazyl-carbinoJ, 71 
Tricarboxylic meUiyl ester, 84 
Tricarboxy-pyrazolyl-acetic tetramethyl ester, 84 
Trichloro-cyariidine, 303 
Trichloro-ethylol-picoline, 174 
Trichloro-hydroxy-methyl-coumarihc acid, 42 
Trichloro-pyridines, 169 
Trichloro-pyridyl-acetic acid, 179 
Trichloro-pyridyl-malonic ester, 179 
Trichloro-pyrimidine, 276 
Trichloro-quinoline, 196 
Trtgonella fanum gracutn"22^ 

Trigonellinr, 175, 229 
Trihydroxy-flavone, 153 
Trihydroxy-flavonol, 154 
Tribydroxy-methyl-isocarbostyril, 213 
Trihydroxy-pyridine,'*! 73 
Trihydfoxy-qulnolinel 200 
Trlhydroxy-xanthone, 156 
Triiodo-nitro-pyrrole, 3* 

IWketo*pipexidme,ji72 
Trimethyl-benzo-metoxazine, 260 
Trimethyl-benzo-trifuran-tricarboxylic ester, 44 
THmethyl-benzlminazolinoI, xia 
‘Iliriinetbyl-beixzylidene-iadoliue, 50 


Trimethyl-glyoxaline, 104 
Trjpiethyl- indole, 53 
Trimethyl-indolenine, 31, 52 
Trimethyl-indolinole, 59 
Trimethyl-isoxazole, 99 
Trimethyl-keto-tetrahydro-pynmidine, 277 
Tnmcthyl-methylene-indoline, 51, 59 
Trimethyl-pyrazine, 283 
Tnmcthyl-pyrazole, 77 
Trimethyl-pyrazoles, 78 
Trimethyl-pyrazoline, 83 
Tnmethyl-pyrazolone, 88 
Tritnethyl-pyridiiie-dicarboxylic acid, 178 
Tninetliyl-pyridines, 167 
Tnmethyl-pyrrole, 31 
Trimethyl-pyrrolidine, 37 
Triraethyl-quinolinic acid, I77 
Trimethyl- tetrahydro-pyrimidine, 277 
Trimethyl-thiazolc, 1 17 
Triinethylene imine, 1 1 
- ' - oxide, 1 1 
Trimethylol-picoHnes, 173 
Trimcthvlol-quinaldine, 194 
Tnoxindole, 60 
Triphenazme-oxazine, 301 
Tripheno-dioxazine, 364 
Triphcnyl-cyanidinc, 302 
Tnpheuyl-dihydro-gl yoxaline, 107 
Triphenyl-d ih yd ro - ]> vri da z 1 n e, 2 70 
Ti iphenyl-furan, 14 
Triphenyl-glyoxalmt , 105 
Tnphenyl-methyl-pvrazolidine, 92 
Tnphcnyl'osotri.izolo, 123 
Triphenyl-oxazole, 114 
Tnphcnyl-oxazolone, 113 
Triphenyl-phosphor-betanic, 1 1 
Triphenyl-pyrazolc, 78 
'I'riphcnyl-pyrazo'ine, 84 
Tnphenyl-pyi idaziiie, 2O9 
Tripheny 1 • p ynd me , 168 
Triphenyl-p jri o-diazolc, 1 30 
Tnphenyl-tetiahydro-pyrazines 28^ 

Tri phenyl -thiazole 117 
rripheriyl-tn.izole, 130 
Tripyrrolf, 28 
Triqumolyl-inethanr, 193 
Tropa-cocaine, 236 
Tropeines. 234 
Tropic acid, 23 3 
Tropilene, 235 
ITopine, 233, 234 

decomposition of, 234 

group of alkaloids, 2 3 3 

Tropiiic-carboxyhc acid, 237 
Truxillic acids, 236 
Truxilline, 236 
Tryptophane, 55 

VUx europcKus, 2 30 
Ulexine, 230 
Urazincs, 134 
Urazole, 133 
Urazolcs, 133 
llvinic acid, 19 
Uvitonic acid, ^77 ' 

Valences. See Potential valences 
Vegetable nIkaJoids, 225 
, Veratrine, 24G 
1 Veratrum alburn^ 246 

I alkaloids, 246 

■t siibadilla, 240 

i Vinyl - diacetoiio - alkamines - hydroxy - Irimethyl 
' piperidines, 185 
' Vinyl-pyndine, 168 
, Vinyl-quinoline, 194 
i V%texlittoralis,i^\ 

I Vitexin, 154 * * 

I 

I Xanthbne, 154 
Xanthione, 156 
XanthochelidoDic acid, 150 
; Xanthones, 134, 156 • 

I Xanthofalanil, 38 
Xanthydrol, 135 
I ether 153 








